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SUMMARY SHEET 

I. Draft (X) Final ( 

11. Administrative (X) Legislative ( ) 

111. Responsible  Federal  Agency:  Food  and  Drug  Administration; 
information  regarding  the  proposed  actions  or  draft  environmental 
impact  statement  may  be  obtained  from  Susan  Feinman,  Ph.D.,  Bureau 
Of Veterinary  Medicine  (HFV-130),  5600  Fishers  Lane,  Rockville, 
Maryland  20857,  (301)  443-1414. 

IV . Description  of  Proposed  Actions 

The  Bureau  of  Veterinary  Medicine  of  the  Food  and  Drug  Administra- 
tion  is  proposing  a  series  of  actions  which  would  limit  the  use  of 
subtherapeutic  levels  of  tetracyclines  (oxytetracycline  and  chlor- 
tetracycline)  and  penicillin  in  animal  feeds.  Copies  of  these 
proposals  are  included in Appendix B.  They  are: 

a. Prohibit  the  use  of  penicillin in  animal  feeds  (42 FR 
43770-43793,  August  30, 1977); 

b. Prohibit  the  subt'herapeutic  use  of  tetracyclines  in  animal 
feeds  for  those  label  claims  where  substitute  subthera- 
peutic  drugs  are  available (42 FR 56254-56289,  October  21, 
1977) ; 

c. Limit  the  distribution  of  animal  feed  premixes  containing 
penicillin  and/or  tetracyclines to feed  mills  that  hold 
FDA-approved  medicated  feed  applications  and  limit  the 
distribution  of  medicated  feeds  containing  these  drugs  to 
the  order  of  a  licensed  veterinarian (43 FR  3032-3045, 
January  20,  1978); 

d. Withdraw  approval of new  animal  drug  applications  for 
penicillin-streptomycin  premixes  based  on  lack  of 
substantial  evidence  that  the  premixes  are  effective. 

The  objectives  of  the  proposed  actions  are: ( 1 )  to  restrict  uses  of 
tetracyclines  and  penicillin  which  might  result  in  a  reduc~tion  in 
their  effectiveness  in  tre.ating  human  and  animal  diseases;  (2)  to 
withdraw  approval  for  a  penicillin-containing  premix  (penicillin- 
streptomycin)  which  has  not  been  shown  to  be  effective. 

V.  Environmental  Impact  of  Proposed  Actions 

Environmental data  submitted to  the  Bureau  as  part of the  normal 
environmental review  process for  products  regulated  by  the FDA, 



environmental  data  submitted  in  response  to  the  Agency's  May 27, 
1977,  Call  for  Information (42 FR 27264-27266)  and  data  gathered 
from  an  extensive  literature  search  were  used  to  predict  whether  the 
proposed  actions  would  result  in  beneficial,  adverse  or  no  change in 
environmental  factors  thought  to  be  potentially  affected  by  one  or 
more  of  the  regulatory  alternatives  being  considered. 

Unchanged  Environmental  Factors 

a.  Spread of pathogens  from  farm  animals  to  wildlife.  The 
proposed  actions  permit  the  use  of  and  protect  the  effectiveness  of 
(1) therapeutic  tetracyclines  and  penicillin in animals  and  humans 
and (2) subtherapeutic  tetracyclines  used in animal  feed  where  no 
substitute  drugs  are  available.  Control  over  pathogenic  bacteria 
and  the  animal  and  human  diseases  they  cause  should  be  no  less  than 
the  present  levels  or  improve  due  to  the  reduced  likelihood  that 
hard-to-treat  multiply  drug-resistant  Gram-negative  pathogens  will 
develop in animal  populations.  Therefore,  there  should  be no in- 
creases  in  the  type's  and  quantities  of  pathogens  spread  from  animal- 
rearing  facilities  on  farms  to  wildlife. The drug  resistance 
patterns  in  the  pathogens  should  contain  penicillin  and  tetracycline 
resistance  factors  at  a  lower  frequency,  however,  which  would  be 
beneficial. 

b.  Waste  management  practices,  sanitation  of  animal- 
rearing  facilities,  other  disease  control  measures.  Removal  and 
treatment  of  infectious  animal  wastes,  use  of  disinfectants,  animal 
isolation,  etc.  are  measures  which  reduce  the  spread  of  disease 
among  farm  animals  that  are  already  in  widespread  practice  by  good 
animal  husbandmen.  Increased  attention  to  these  measures  is  not 
expected  to  be  necessary,  since  substitute  subtherapeutic  drugs will 
be  available  for  uses  of  penicillin  and  tetracyclines  being 
restricted,  and  therapeutic  drugs,  including  tetracyclines  and  peni- 
cillin,  will  continue  to  be  available  through  veterinarians. 

c.  Land  use  patterns  for  animal-rearing  and  for  growing  animal 
- feed.  Growing  animals  in  less  densely  crowded  conditions,  as in 
pastures,  reduces  the  potential  for  spread  of  disease  but  also 
requires  more  land  for  raising  animals.  There  should  be  no  change 
in  the  manner  in  which  food-producing  animals  are  reared,  since 
subtherapeutic  drugs  will 'be available  for  all  existing  uses  as 
explained  in b. above. 

d. Availability  of  grain  and  meat  for  the  American  consumer. 
NO changes  in U . S .  animal  productivity  are  expected  due  to  avail- 
ability of substitute  subtlherapeutic  and  therapeutic  drugs  for  all 
restricted  uses. 
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e. Changes  in  energy  consumption. No change  is  expected  since 
(1) most  substitute  drugs  are  manufactured  by  processes  similar  to 
those  used  for  tetracyc1in:es  and  penicillin, (2) substitute  drugs 
are  administered  in  the  same  manner  as  tetracyclines  and  penicillin, 
( 3 )  no  other  changes  in  animal  management  practices  are  anticipated. 

Beneficial  Environmental  Impacts 

Tetracyclines,  penicillin,  and  drugs  used  in  combination  with  them 
in feeds  would  enter  the  environment  in  reduced  quantities,  reducing 
the  potential  for  adverse  effects  in  exposed  populations  of  micro- 
organisms,  plants,  invertebrates,  and  higher  animals. 

Adverse  Environmental  Impacts 

a.  Substitute  drugs  would  probably  be  used  in  increased 
quantities  with  resultant  increased  environmental  residues  for  those 
drugs  that  are  excreted  intact  by  target  animals.  Because  the 
market  for  tetracyclines  and  penicillin  uses  to  be  discontinued 
would  be  divided  among  a  number  of  substitute  products,  some  of 
which  have  less  potential  for  adverse  toxic  effects  on  environmental 
organisms  and  some  of  which  are  about  equal  to  tetracyclines  in 
potential  for  adverse  effects,  one  would  conclude  that  there  will  be 
a  slight  increase in adverse  effects  due  to  these  residues  in  the 
environment  over  that  which  is  currently  associated  with  the  use  of 
these  substitute  drugs. 

b. Increased  demand  for  veterinarians  is  anticipated  for  the 
purposes  of  diagnosing  the  need  for  an  writing  the  orders  allowing 
animal  producers  to  obtain  tetracycline-medicated  feeds  for  those 
uses  that  would  be  permitted  by  the  proposed  actions.  Presently, 
animal  producers  may  obtain  tetracycline-medicated  feeds  without 
consultation  with  a  veterinarian. 

Discussion  of  Probable  Adverse  Environmental  Impacts 
Which  Cannot  be  Avoided 

To the  extent  that  they  occur,  which  cannot be presently  quantified, 
the  adverse  environmental  impacts  identified  above  are  unavoidable. 
Compared  with  other  viable  regulatory  alternatives,  including "No 
Action,"  the  adverse  environmental  impacts  are  equal  to  or  less  than 
the  order of magnitude  of  those  expected  for "No Action." r ,  It does 
not  appear  that  environmental  impacts  due  to  substitute  drugs  exceed 
those  presently  resulting  from  tetracyclines  and  drugs  used  in 
combination  with  tetracyclines  and  penicillin.  Thus,  the  environ- 
mental  benefits  derived  from  removing  tetracyclines  and  combination 
drugs  from  the  environment  will  be  balanced  by  adverse  effects  due 
to  increased  use  of  substitute  drugs.  This  statement  is  made  with 
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the  recognition  that  there  is  uncertainty  and  scientific  controversy 
regarding  the  prediction  of  environmental  impacts  for  the  proposed 
actions, "No Action,"  and  other  regulatory  alternatives. All new 
animal  drug  materials  for  subtherapeutic  use in animal  feeds  are 
subject  to FDA environmental  regulations  (21  CFR  25)  which  thor- 
oughly  examine  the  potential  for  adverse  environmental  impacts. 

VI.  Description  of  the  Relationship  Between  the  Local 
Short-Term  Use  of  the  Environment  with  Respect  to  the 
Proposed  Actions  and  the  Maintenance  of  Long-Term 
Productivity 

The  proposed  actions  are  nationwide  in  impact  and  seek  to  maintain 
long-term  animal  productivity  while  avoiding  long-term  human  health 
risks  by  taking  measures  to  assure  that  therapeutic  tetracyclines 
and  penicillin  remain  effective  and  that  there  are  substitute  drugs 
for  any  subtherapeutic  animal  uses  for  a  particular  drug  being 
restricted. 

The  proposed  actions  generally  conform  with  the  reports  of  groups  of 
experts  convened  to  study  the  problem in depth:  the  Swann  Committee 
in Great  Britain (1969); the  World  Health  Organization  Working  Group 
on  the  Public  Health  Aspects  of  Antibiotics  in  Feedstuffs  (1974); 
the FDA  Task  Force  on  Antibiotics  in  Feed (1972);  and  the  Anti- 
biotics  in  Animal  Feed  Subcommittee  of  the  National  Advisory  Food 
and Drug  Committee (1977). 

VI1 . Description  of  Any  Irreversible  and  Irretrievable 
Commitment  of  Resources  Which  Would  Be  Involved  with  the 
Proposed  Actions  Should  They  Be  Implemented 

There  should  not  be  an  irreversible  or  irretrievable  commitment of 
resources  should  the  proposed  actions  be  implemented.  The  Bureau  of 
Veterinary  Medicine  will  be  monitoring  to  determine  the  effectiveness 
of  the  proposed  actions  and  has  the  power  to  modify  or  rescind  the 
actions,  as  appropriate.  However,  since  the  same  types  and  quanti- 
ties  of  natural  resources  and  energy  are  used  for  most  substitute 
drugs  and  no  changes  in  the  present  methods  of  animal  production  are 
anticipated,  there  should  be  no  increased  commitment  of  resources. 

VIII.  Regulatory  Alternatives  to  the  Proposed  Action 

a.  "NO  Action"  and "No Action  plus  establish  a  requirement  for 
mixing  subtherapeutic  antibacterial  containing  premixes  in 
registered  feedmills  holding  form FD 1800, (Approved  Medicated  Feed 
Application)"; 

... 

b.  Complete  restr=iction  of  subtherapeutic  use  of  penicillin 
and  tetracyclines  in  animal  feed; 
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c. Complete  restriction  of  all  subtherapeutic  antibacterial 
drugs  used in animal  feed  that  are  also  used  (or  select  for  bacteria 
resistant  to  drugs  used) in human  medicine. 

IX . Comments  on  the Dmraft Environmental  Impact  Statement  are 
being  solicited  from  all  interested  persons,  including  the 
following  Federal,  State,  and  local  agencies,  organiza- 
tions,  and  individuals. 

A. Consumer  and  Environmental  Groups 

American  Council  on  Consumer  Interests 
Center  for  Science  in  the  Public  Interest 
Concern,  Inc. 
Conference of Consumer  Organizations 
Conservation  Foundation 
Consumer  Federation of America 
Consumer  Union  of  the  U.S.,  Inc. 
Environmental  Action  Coalition 
Environmental  Action  Foundation 
Environmental  Action,  Inc. 
Environmental  Defense  Fund,  Inc. 
Environmental  Law  Institute 
Friends of the  Earth 
Health  Research  Group 
Izaak  Walton  League  of  America 
League of Conservation  Voters 
League of Women  Voters 
National  Audubon  Society 
National  Consumer  Congress 
National  Consumers  League 
National  Wildlife  Federation 
Natural  Resources  Defense  Council 
Resources  for  the  Future 
Scientists  Institute  for  Public  Information 
Sierra  Club 
Wilderness  Society 

B. Industry  Groups  and  Associations 

AL Laboratories 
Abbott  Laboratories 
American  Cyanamid  Company 
American  Farm  Bureau  Federation 
American  Feed  Manufacturers  Association 
Animal  Health  Institute 
Association  of  American  Feed  Control  Officials 
Diamond  Shamrock  Corporation 
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E.  R.  Squibb & Sons,  Inc. 
Elanco  Products  Company 
Farm  Bureau  of  Michigan 
Great  Plains  Legal  Association 
Hess  and  Clark,  Division  of  Rhodia,  Inc. 
Hoechst-Roussel  Pharmaceuticals,  Inc. 
IMC  Chemical  Group,  Inc. 
Merck,  Sharp  and  Dohme  Research  Laboratories 
National  Broiler  Council 
National  Cattlemen's  Association 
National  Council  of  Farmer  Cooperatives 
National  Farmers  Union 
National  Livestoc'k  Feeders  Association 
National  Livestoc'k  Producers  Association 
National  Pork  Prolducers  Council 
National  Turkey  Federation 
Pfizer,  Inc. 
Rachelle  Laboratories,  Inc. 
S .  B. Penick & Company 
Smith-Kline  Anima'l  Health  Products,  Division of 

Statewide  Swine  Disease  Committee 
Thompson-Hayward  Chemical  Company 
Up j ohn  Company 
V.P.O. , Inc. 

Smith-Kline  Corp. 

C.  Professional  and  Research  Organizations 

Agricultural  Research  Institute 
American  Animal  Hospital  Association 
American  Association  for  Advancement of Science 
American  Associatiton  of  Avian  Pathologists 
American  Associatiton  of  Bovine  Practitioners 
American  Associati-on  of  Sheep & Goat  Practitioners 
American  Chemical  Society 
American  College  of  Physicians 
American  Institute  of  Biological  Sciences 
American  Medical  PLssociation 
American  Society  for  Microbiology 
American  Society  for  Pharmacology  and  Experimental 

American  Society  of  Animal  Science 
American  Society  of  Biological  Chemists 
American  Veterinary  Medical  Association 
Council  for  Agricultural  Science  and  Technology 
Federation  of  American  Society  for  Experimental  Biology 
Genetics  Society  of  America,  Inc. 
Industrial  Vet6rin.arians  Association 

Therapeutics 
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Infectious  Diseases  Societies 
National  Academy  of  Sciences 
National  Association  of  Federal  Veterinarians 
National  Associat:ion  of  State  Departments of Agriculture 
National  Genetics  Foundation 
National  Science  Foundation 
Poultry  Science  Association 
U.S.  Animal  Health  Association 

D. Federal  Agencies 

Consumer  Product  Safety  Commission 
Department  of  Agriculture 
Department  of  Commerce 
Department  of  Interior 
Department  of  Labor 
Department  of  Stalte 
Environmental  Protection  Agency 
Office  of  Science  and  Technology 
Office of Technology  and  Assessment  (Attn:  Mr.  Cordero) 
Public  Health  Service 

E .  State  Agencies 

State  NEPA  Coordinators 

F.  Individuals 

E.  S .  Anderson,  M.D. 
Microbial  Geneticist 
Enteric  Reference  Lab. 
Central  Public  Health  Lab. 
London,  England 

Arthur  Aronson,  D.V.M.,  Ph.D. 
New  York  State  Veterinary  School 
Cornell  University 
Ithaca,  New  York 

P. W. Aschbacher,  Ph.D. 
Agricultural  Research  Service 
United  States  Dept. of Agriculture 
Fargo,  North  Dakota 

Donald  Barnum,  D.V.M. 
University  of  Guelph 
Canada 
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Thomas Barr ,  Ph.D., M.V.Sc. 
Antimicrobial  Drugs  Division 
Bureau  of  Veterinary  Medicine 
Health and Welfare 
Ottawa, Canada 

John  Bennett, M.D. 
Bureau of Epidemi.ology 
Center   for  Disease Control 
Atlanta ,   Georgia  

Richard  Bevi l l ,  D.V.M., Ph.D. 
College of Veteri.nary  Medicine 
Universi ty  of 1 l l . i n o i s  
Urbana, I l l i n o i s  

Donald  Blenden, D.V.M., M.S. 
School  of  Veterinary  Medicine 
Universi ty  of Missouri  
Columbia,  Missouri 

Nicholas  Booth, D.V.M., Ph.D. 
College  of  Veterinary  Medicine 
Universi ty  of Georgia 
Athens,  Georgia 

Galen L.  Buterbaugh 
Deputy  Associate  Director 
U.S. Dept. of I n t e r i o r  
F i sh  and Wild l i fe   Serv ice  
Washington, D.C. 20240 

D r .  W.  Byerly 
Winrock  Corp. 
L i t t l e  Rock,  Arkansas 

Don Clewell ,  Ph.D. 
Dental   Research  Inst i tute  
School  of  Dentistry and Medicine 
Universi ty  of  Michigan 
Ann Arbor,  Michigan 

Rita   Colwel l ,  Ph.D. 
Professor  of  Microbiology 
Universi ty  of  Maryland 
College  Park,  Maryland 
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Lester  Crawford,  D.V.M.,  Ph.D. 
Professor  of  Pharmacology 
Veterinary  School 
University  of  Georgia 
Athens,  Georgia 
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FOREWORD 

The  National  Environmental  Policy  Act  of  1969  (NEPA) 42 U.S.C. 4321, 
et  seq.,  requires  that  all  agencies  of  the  Federal  Government, to 
the  fullest  extent  possible,  take  into  account  environmental  consid- 
erations  in  their  planning  and  decisionmaking. To that  end,  section 
102(2)(C) of NEPA, 42 U.S.C.  4332(2)(c), requires  that  an  Environ- 
mental  Impact  Statement (EIS) be  prepared  for  all  "major  Federal 
actions  significantly  affecting  the  quality of the  human 
environment ." 
The  Food and Drug  Administration  (FDA)  has  promulgated  environmental 
regulations  implementing  NEPA's  requirements  (21  CFR  Part 25). 
These  regulations  delineate  the  specific  agency  actions  for  which 
the  preparation  of  an  EIS  must  be  considered (21 CFR 25.l(b)). They 
describe  the  procedure fox: considering,  through  the  submission  of  an 
Environmental  Impact  Analysis  Report  (EIAR),  the  environmental 
impact,  if  any,  of  proposed  agency  actions.  The  EIAR  is  to  contain 
data  of  sufficient  quality  and  detail  to  enable FDA to  make  an 
Environmental  Assessment  Report  (EAR)  which  determines  whether 
preparation  of  an  Environmental  Impact  Statement  is  required. 

* * * 
In April  1970,  the  Commissioner of Food  and  Drugs  established  a 
15-member  Task  Force  of  scientists,  with  consultants  from  govern- 
ment,  universities,  and  industry, to review  comprehensively  the  use 
of antibiotic  drugs  in  animal  feed.  The  Task  Force  was  formed  fol- 
lowing  the  issuance  of  a  report  by  the  British  Government  Joint 
Committee  (the  Swann  Committee)  "On  the  Use  of  Antibiotics  in  Animal 
Husbandry  and  Veterinary  Pledicine." 

In 1972, the  conclusions  of  the  Task  Force  were  published  in  a 
notice of proposed  rulemaking  (37  FR  2444,  February 1, 19721,  which 
initiated  mandatory  testing  procedures  to  resolve  the  safety  issues 
surrounding  the  use  of  antibiotics  in  animal  feeds.  On  April 20, 
1973,  the  Commissioner  promulgated  a  final  order  codifying,  in  21 
CFR  558.15,  the  testing  requirements  applicable  to  antiblotics  used 
subtherapeutically  in  animal  feeds  (38  FR 9811). These  require- 
ments  were  based  on  the  guidelines  included  in  the  report of the  FDA 
Task  Force on the  use  of  antibiotics  in  animal  feeds. 

Following  receipt  of  the  data  submitted  in  response  to  21  CFR  558.15, 
FDA's  Bureau of Veterinary  Medicine ("BVM" or "Bureau"),  undertook 
to review  and  evaluate  them. To assist  the  Bureau,  the  Commissioner 
asked  the  Agency's  National  Advisory Food and  Drug  Committee  (NAFDC) 
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also to review the data and  the issues involved and  to make recon- 
mendations  to  him on the  future of subtherapeutic uses of 
antibiotics in animal feeds. The NAFDC appointed  a threelnember 
Subcommittee,  the Antibiotics  in  Animal  Feeds Subcommittee (AAFS), 
to work in conjunction  with four  expert consultants from disciplines 
related to the issue. The  Subcommittee reviewed the data and held 
public hearings to listen to testimony from experts with differing 
views. In January 1977, the  Subcommittee submitted its final report 
to the  parent NAFDC. The NAFDC rejected many of  the  Subcommittee's 
recommendations, while  accepting  others, and made its own 
recommendations to the Commissioner. BVM, in turn, recommended to 
the Commissioner t'hat FDA should implement a  modified  version of the 
Subcommittee's  reconrmendations. For a  more complete discussion of 
the background of the  actions  considered herein, see 42 FB 
43773-43775 (August 30, 1977) and 42 FR 56265-56267 (October 21, 
1977) . 
On May  27, 1977, the  Commissioner  announced the BV"s intention t o  
issue  a series of proposals to restrict the subtherapeutic use of 
penicillin, the tetracyclines, and their combinations, in animal 
feed (42 FR 27264). He further  specifically announced that the 
Agency would assess the environmental impact of these proposals 
separately, but that it may be possible  to consider the series of 
interrelated proposals as a single action. Furthermore, the 
Commissioner called for  detailed  environmental information from all 
interested persons, including the holders of approved new  animal 
drug applications (NADA's) who  had  never filed an environmental 
impact analysis report for the subtherapeutic use of their product, 
in order to assist in the  analysis of the potential environmental 
impact of  all drugs that will be affected by B V " s  proposed actions, 
either directly or indirectly. 

Twenty-one submissions  were  received in response to  the call for 
environmental information. These  were primarily comments, data, and 
copies of scientific papers  submitted by industries which addressed 
aspects related to' the  environmental impacts of individual drugs. 
While some submissions  provided information useful in assessing 
environmental impa.cts of drug products,  these submissions were 
generally incomplete in that they did not address all the areas of 
concern described in the  call  for environmental information. 

On August 30, 1977, BVM published a Notice of Opportunity for Hearing 
on its proposal to  withdraw  approval of the use of penicillin in 
animal feed (42 F H ,  43770). It  proposed to amend certain of its feed 
additive regulations to  delete  provisions that permit use of peni- 
cillin in animal feed. On October 21, 1977, BVH published a Notice of 
Opportunity for Hearing  on  its  proposal to  withdraw approval of only 
those subtherapeutic uses of the  tetracyclines in animal feed for 
which alternative drugs exist (42 FR 56265). 



. 
On January  20,  1978,  the  Agency  proposed to issue  regulations to 
require  that  animal  feeds  containing  penicillin  or  the  tetracyclines 
be  manufactured  only  by  holders  of  approved  medicated  feed 
applications,  with  a  limited  exception (43 FR 3032). Also  proposed 
were  regulations  requiring  that  such  animal  feeds  be  dispensed for  
on-farm  use  only on the  order  of  a  licensed  veterinarian.  In 
addition, BVM has  issued  a  Notice  of  Opportunity  for  Hearing  on  its 
proposal to withdraw  approval  of  the  subtherapeutic  use  in  animal 
feed  of  the  combination  drug  penicillin-streptomycin,  based  on  the 
lack of substantial  evidence  that  this  combination  is  effective (42 
FR 29999). 

At the  same  time  each  of  the  four  proposals  outlined  above  was 
published,  an  Environmental  Impact  Analysis  Report/Environmental 
Assessment  Report  (EIAR/EAR)  was  placed  on  file  with  the  FDA  Hearing 
Clerk.  Each  of  the  environmental  assessments  reached  the  conclusion 
that  it  would  be  difficult  to  evaluate  the  environmental  impac.t  of 
any  single  proposal  without  consideration  of  all  related  proposals 
on  the  subtherapeutic  use of antibiotics  in  animal  feed.  Accord- 
ingly,  this  draft  Environmental  Impact  Statement  attempts  to  deal 
with  the  cumulative  effects  of  the  series  of  related  proposals.  We 
do  not  intend  to  issue  a  separate EIS for  each  proposal.  Comments 
on this  approach  are  welcome. 

This  draft EIS is  divided  into  four  parts:  background  information 
(Section 1); statement  of  the  problem--the  health,  safety  and  effec- 
tiveness  issues  concerning  the  use  of  penicillin  and  tetracyclines 
at  subtherapeutic  levels  in  animal  feed  (Section 2); summary  of  the 
scientific  information  necessary  for  consideration  of  the  environ- 
mental  impacts of the  various  regulatory  alternatives  considered 
(Section 3 ) ;  and,  description  and  comparison of the  regulatory 
alternatives,  including  discussion  of  the  environmental  and  other 
important  effects  of  each  viable  alternative  (Section 4). In  lieu 
of  providing  overly  detailed  technical  information  in  the  body  of 
the  statement  itself,  an  Appendix  (Appendix A) containing  such 
information  is  attached.  Appendix A should  be  consulted  for  a  more 
in  depth  analysis  of  the  technical  portions  of  the  draft  statement. 

Interested  persons  may  on  or  before ( 1, file  with 
the  Hearing  Clerk, Food and  Drug  Administration,  Room 4-65, 5600 
Fishers  Lane,  Rockville,  Maryland 20857, comments  (in  quintuplicate) 
on  this  draft  Environmental  Impact  Statement.  Single  copies of this 
draft  statement  are  available  from  the  Hearing  Clerk. 
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SECTION 1. INTRODUCTION 

For more than 25 years ,  low doses of an t ibac te r i a l   d rugs   have  
been  added  to  animal  feed  to  increase  the  food-producing  animal 's  
rate of weight  gain, i ts feed   e f f i c i ency   (we igh t   ga in   fo r  a given 
amount  of f eed )   and   fo r   t he   con t ro l   o f   d i sease .  As a r e s u l t   t h e r e  
has  been a s h i f t  towards  growing l a r g e  numbers of an imals   in  smaller 
spaces.  With an t ibac te r i a l   t r ea tmen t ,   an ima l s   r a i sed   i n   con f ined  
c o n d i t i o n s   i n  a feed  lot   reach  market   weight   sooner ,   wi th  less con- 
sumption of feed.  There  has  been  growing  concern  that  the  addition 
of an t ibac te r i a l   d rugs   t o   an ima l   f eed  may r e s u l t   i n   i n c r e a s e d  num- 
b e r s  of   drug-resis tant   bacter ia  i n  the  environment ,   thereby  potent ia l ly  
decreas ing   the   e f fec t iveness  of some a n t i b a c t e r i a l s   i n   t h e   t r e a t m e n t  
of human diseases ,  as well as animal   diseases .  

Soon a f t e r   t h e   i n t r o d u c t i o n  of chemotherapeutic  agents,   drug resis- 
t a n c e   i n   b a c t e r i a  was observed. By t h e  1950's, s c i e n t i s t s  had learned 
t h a t   b a c t e r i a   c a r r y  most  of t he i r   gene t i c   i n fo rma t ion  on a l a r g e   c i r c u l a r  
chromosome of deoxyribonucleic  acid (DNA).  When bac ter ia   d iv ide ,  a copy 
of t h i s  chromosome goes to   each  daughter  ce l l .  Mutations  occur i n   t h e  
b a c t e r i a l  c e l l  DNA a t  t h e  rate of about  one i n  a mill ion.  Very r a re ly ,  
a muta t ion   resu l t s   in   the   deve lopment  of drug  res is tance.  Thus, t h e  
DNA might  code fo r   t he   p roduc t ion  of an enzyme inac t iva t ing   an   an t i -  
b a c t e r i a l   d r u g   o r   c a p a b l e   o f ,   i n  some o t h e r  way, negating its e f f ec t .  
When t h e   a n t i b a c t e r i a l   d r u g  is p r e s e n t ,   t h o s e   b a c t e r i a   b e s t   a b l e   t o  
s u r v i v e  and  multiply are favored;  those  which  have  developed  the 
a b i l i t y   t o  overcome the  drug  s lowly become predominant.  This phenom- 
enon is  an example of select ive pressure .  

I n   t h e  l a t e  1950's, the   Japanese   researchers   no t iced   tha t   l a rge  
numbers  of S h i g e l l a   d y s e n t e r i a e   b a c t e r i a   i n   h o s p i t a l   p a t i e n t s  were 
s imul t aneous ly   r e s i s t an t   t o  4 o r  5 a n t i b a c t e r i a l   d r u g s  a t  once, 
such as chloramphenicol,  streptomycin,  sulfonamides and t e t r acyc l ines ,  
which  had  been  used i n   t h o s e   h o s p i t a l s .  The probabi l i ty   of   the  
simultaneous  occurrence  of so  many m u l t i p l e  chromosomal mutations 
would  have  been i n f i n i t e s i m a l l y  small, because  individual  mutation 
rates are very low. These  mult iple   drug-resis tant   s t ra ins   spread 
rap id ly   th rough  hospi ta l s ,   and   in   1abora tory .cu l tures .  As a r e s u l t ,  
t he   ex i s t ence  of a t r ansmiss ib l e   d rug   r e s i s t ance   f ac to r  was postulated.  
Th i s   f ac to r  was l a t e r  shown to   occu r  as an  extrachromosomal  genetic 
element; i .e. a small segment  of DNA no t   a t t ached   t o   t he   bac t e r i a l  
chromosome. 

Ant ibac ter ia l   d rugs   have   been   wide ly   used   in   the   feed  of  food- 
producing  animals  in  the  United S ta tes .  Many of the  drugs  used a t  
subtherapeut ic   levels   in   animal   feeds  for   growth  promotion and 
d i sease   con t ro l   o r   p reven t ion  are  a l s o  used a t  therapeut ic   levels  
fo r   t he   t r ea tmen t  of d i s e a s e   i n  man and in   an imals .  
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By t h e  mid-l960's, s c i e n t i . s t s  and  regulatory  agencies  throughout 
the  world were looking more c lose ly  a t  the   subtherapeut ic   use  
of a n t i b a c t e r i a l s   i n  animal1 feed  and  the  problems  which  might 
r e su l t   f rom  the  emergence of b a c t e r i a  with t ransferab le   mul t ip le -  
drug   res i s tance .  Although1 several   groups  had  reviewed  this   issue 
earlier, t h e  most important  recommendations were those  contained 
i n   t h e  Swam  Committee repor t ,   publ i shed  i n  Great Britain i n  1969, 
and i n   t h e  1972 FDA Task  Force  report. 

The Swann Committee ( t h e   B r i t i s h  Government J o i n t  Committee "On 
t h e  Use of A n t i b i o t i c s   i n  Animal  Husbandry  and  Veterinary  Medicine") 
w a s  appointed i n  1968. Its charge was to   obtain  information  about  
uses  of ant ibiot ics   in   animal   husbandry  and  veter inary  medicine,   to  
focus  on the  problem of t r ans fe rab le   d rug   r e s i s t ance ,   t o   cons ide r  
t he   imp l i ca t ions  of such   drug   res i s tance   for  human and  animal  health 
and t o  make recommendation.s  concerning t h e   f u t u r e   u s e  of a n t i b i o t i c s  
for   an imals .  

The event  which  tr iggered  the  appointment  of  the Swann Committee was 
a Bri t ish  epidemic of drug,-resistant  Salmonella  typhimurium  type 29 
i n f e c t i o n   i n   B r i t i s h   c a l v e s .  In a d d i t i o n   t o   i n f e c t i o n s   i n   c a l v e s  
unrespons ive   to   an t ib io t ic   therapy ,  cases of 2. typhimurium  type 29 
i n f e c t i o n s   i n  humans were t r a c e d   t o   t h e  same drug-resistant  organism. 
Six  people   died as a r e s u l t  of t hose   i n fec t ions .  Many of t h e  human 
cases  of   d rug- res i s tan t   in fec t ion  were among peop le   i n   c lo se   con tac t  
with  calves .   These  people   der ived  their   infect ion  f rom  the  calves .  
The calf  epidemic  occurred  mainly among animals grown under  "intensive" 
or   confined  rear ing,   where  subtherapeut ic   doses  of a n t i b a c t e r i a l s  were 
generally  used.  These  calves had  been  gathered  from  various  farms 
s h o r t l y   a f t e r   b i r t h ,   s h i p p e d   t o  a co l l ec t ing   po in t ,   t hen  on t o  a farm 
where  they would b e   i n t e n s i v e l y   f e d   f o r   s e v e r a l  months. Some of t h e  
d e a l e r s  were very careless i n   t h e i r  management and  hygiene;  they 
crowded calves i n t o   d i r t y   v e h i c l e s  and c r e a t e d   c o n d i t i o n s   i d e a l   f o r  
the   spread  of d i sease .  When the  epidemic w a s  a t  i ts he igh t ,   l a rge  
amounts  of a n t i b a c t e r i a l s  were used   to   a t tempt   to   p revent   o r  treat 
the   d i sease .  These   a t tempts ,   for   the  most p a r t ,  were f u t i l e   b e c a u s e  
the  Salmonella  had  rapidly become r e s i s t a n t   t o  each drug, i n   t u r n ,  
as i t  w a s  used  (Anderson,  1968). 

The Swann r epor t  w a s  pub l i shed   i n  November 1969. It w a s  based upon 
evidence  drawn  both  from  e:xpert  witnesses  and  from  selected  publi- 
ca t ions .  The Committee  grouped a n t i b a c t e r i a l s   i n t o   " f e e d   a n t i b i o t i c s "  
and  " therapeut ic   ant ibiot ics" .  The "feed  antibiotics"  (e.g.   baci-  
tracin,   virginiamycin,   bambermycins),   the Swann Committe recommended, 
could  be  used i n  low doses as growth  promotants or  prophylact ic   drugs 
wi thout   ve te r inary   p rescr ip t ion ;   these  were thought  not  to  promote 
m u l t i p l e   t r a n s f e r a b l e   d r u g   r e s i s t a n c e   i n  Gram-negative bac te r i a .  
Moreover,  they are not   impor tan t   d rugs   in  human medicine. The 
second  group,   the  so-cal led  " therapeut ic   ant ibiot ics"  (e.g.  peni- 
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cillin  and  tetracylines)  were  found  generally  to  promote  multiple 
transferable  drug  resistance  in  bacteria.  Furthermore,  these 
agents  are  used  extensively  for  the  treatment  of  disease  in  man 
and in animals.  The  Swann  Committee  recommended  that  they  should 
no  longer  be  used  for  growth  promotion/feed  efficiency  and  that 
they  be  used  for  control  of  disease on veterinary  prescription  only. 

The  report  of  the  Swann  Committee  prompted  examination in this 
country  of  the  use  of  antibacterials  in  animal  feed.  In  April 
1970, the  Commissioner  of  Food  and  Drugs  established  a  Task  Force 
of scientists  to  undertake  a  comprehensive  review on the  use  of 
antibacterial  drugs  in  animal  feeds.  The  Task  Force  outlined  the 
Agency’s  major  concerns  in  January  1972 in the  form  of  specific 
criteria  in  the  areas of human  health,  animal  health,  and  drug 
effectiveness.  These  criteria  were  guides  to  be  used  by  drug 
sponsors  in  conducting  studies  which  would  help  answer  the  questions 
raised  by  the  Task  Force.  The  criteria  are  discussed  in  greater 
detail  in  Section 2. The  Task  Force  Report  also  included  two 
minority  reports  differing  with  several  aspects  of  the  conclusions. 

On  April  20,  1973,  FDA  published  in  the  FEDERAL  REGISTER  a  final 
order  implementing  the  recommendations  of  the  FDA  Task  Force  and 
notifying  drug  sponsors  of  the  necessary  steps  to  be  taken  if 
marketing  of  antibacterial  drugs  at  subtherapeutic  levels  was 
to  continue  (38  FR  9811-9813).  In  addition to drug  efficacy 
on combination  products,  drug  sponsors  were  asked  to  submit 
data  to  FDA’s  Bureau of Veterinary  Medicine (BVM) concerning 
the  shedding of Salmonella,  the  development  of  bacterial  drug 
resistance  in  animals  fed  antibacterials,  and  compromise  of 
therapy  after  the  use  of  subtherapeutic  drugs.  These  studies 
were  to  be  performed in  various  food  animal  species.  Data  on 
penicillin,  tetracyclines,  streptomycins  and  sulfonamides  were 
required  by  April 20, 1974,  while  data  on  all  other  antibac- 

, terial  agents  were  due  by  April  20,  1975. 

Research  was  also  to  be  carried  out  in  FDA  laboratories  and 
through  contracts  sponsored  by  both  FDA  and  industry, in order 
to  address  problems  posed  by  the  Task  Force.  Taken  together 
with  data  published  in  the  literature,  it  was  hoped  that 
information  derived  from  the  new  studies  would  conclusively 
resolve  the  issues. 

In  subsequent  deliberations,  FDA  was  assisted  by  the  National 
Advisory  Food  and  Drug  Committee  (NAFDC),  a  group  which 
reviews  and  evaluates  Agency  programs  and  provides  guidance to 
the  Commissioner of FDA. The  NAFDC  designated  a  three-member 
Antibiotics  in  Animal  Feed:;  Subcommittee  (AAFS),  supplemented 
by  the  expertise  of  outside  consultants,  to  study  the  problem 
and  report  back  to  the  ful:L  committee.  This  group  was  first 
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asked  to  assist in the  decision-making  process on the  priority 
drugs - penicillin,  tetracyclines  and  sulfaquinoxaline.  They 
were  charged  with  examining  the  potential  risk  to  animal  and 
human  safety  from  these  drugs  in  comparison with'the benefits 
received.  They  were  also  to  examine  restrictions on drug  use 
and  other  alternative  measures. 

In January 1977 the  subconunittee,  in  its  final  report  to  the 
NAFDC,  recommended  that  FDA: 1 )  discontinue  use  of  tetracyclines 
for  growth  promotion  and/or  feed  efficiency  in  all  species  of 
food-producing  animals  for  which  effective  substitutes  are  avail- 
able; 2 )  permit  the  use of tetracyclines  for  disease  control 
where  effective  alternate  drugs  are  not  available  or  not  approved 
for  use  in  the  various  species  (Such  use is to be limited,  to  the 
extent  possible,  to  those  periods of time  for  which  the  presence 
of the  drug in the  feed of a  particular  animal  species  is  necessary 
due  to  the  threat  of  animal  disease.); 3) discontinue  all  subthera- 
peutic  uses  of  penicillin.  The  subcommittee's  conclusions  had  been 
reached  after  more  than  a year's study,  including  four  public  meet- 
ings  in  which  extensive  testimony  was  heard  from  concerned  groups. 

The  parent  NAFDC  did  not  accept  the  subcommittee  recommendations 
regarding  tetracyclines.  Instead,  after  a  brief  debate  (Proceed- 
ings  of  the  NAFDC  Jan. 24,  1977), the  NAFDC  recommended  that no 
changes be made  in  the  permitted  uses  of  animal  feed  containing 
tetracyclines,  except  that  preparation of tetracycline  medicated 
feed  be  limited  to  feed  mills  and  livestock  producers  having  approved 
medicated  feed  applications,  and  to  licensed  veterinarians.  After 
thorough  consideration  of  both  the  NAFDC  conclusions  and  the AAFS 
report,  the  Bureau  of  Veterinary  Medicine (BVM) recommended  to  the 
Commissioner  that  a  modified  version  of  the  subcommittee  recommen- 
dations  be  accepted.  The  Commissioner  concurred  with  the  Bureau 
and  presented  his  decision  to  NAFDC. 

A  notice  of  opportunity  for  a  hearing on penicillin-containing 
premixes  was  published on August 30,  1977 ( 4 2  FR 43772). Similarly, 
proposed  rules on tetracyclines  in  animal  feeds  and  an  opportunity 
for  a  hearing on tetracycline  premixes  were  published on October 21, 
1977 ( 4 2  FR 56254) .  Further  details on tetracycline  distribution 
controls  were  set  forth on January 20, 1978  (43 FR 3032-3045). 

In a  related  effort,  the  FDA  initiated  an  action  in  response 
to  conclusions  of  the  National  Academy  of  Sciences-National 
Research  Council  (NAS-NRC),  Drug  Efficacy  Study  Group  regarding 
the  effectiveness  of  animal  feed  premixes  containing  antibacterials. 
On June 10, 1977,  (42 FR 29999), a  proposal  was  published to with- 
draw  approval  of  new  ariimal  drug  applications for  penicillin- 
streptomycin  premixes  since  the  FDA  and  NAS-NRC  found  a  lack  of 
substantial  evidence of  effectiveness.  Results of the  FDA  and  NAS-NRC 
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review on e f f i c a c y ,  w i t h  regarc l i n e  d to   subtherapeutic   tetracyc 
claims  ( indicated  uses)  where no e f f e c t i v e   s u b s t i t u t e s  are 
avai lable ,   are   d iscussed :in t h e  October 21, 1977 FEDERAL 
REGISTER n o t i c e  (42  FR 56254). 
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SECTION 2. STATEMENT OF THE PROBLEM 

The  1972 Food and  Drug Administration Task   Force   ident i f ied   th ree  
potent ia l   problem areas i n   t h e   u s e  of sub the rapeu t i c   l eve l s  of 
an t ibac ter ia l   d rugs   in   an imal   feeds .  These were: ( a )  human h e a l t h  
hazards;  (b)  animal  health1  hazards;  and (c) a n t i b a c t e r i a l   e f f e c t i v e -  
ness   ( i .e .   whether   the  drugs  real ly  are e f f e c t i v e   f o r  a l l  claims 
i n c l u d e d   i n   t h e i r   l a b e l l i n g ) .  

2.1. Human and Animal Health  and  Safety 

Under human and  animal  health  and  safety,  some major  concerns were: 
( 1 )   t h a t   u s e  of subtherapeut ic   an t ibac ter ia l s   might   p roduce   an   in -  
crease i n  quant i ty ,   p reva lence ,   o r   dura t ion  of shedding  (excret ion)  
of Sa lmonel la ,   o r   an   increase   in   the   p ropor t ion   of   d rug- res i s tan t  
Sa lmonel la ;   (2)   tha t   cer ta l in   an t ibac ter ia l s   g iven   to   food-producing  
an imals   might   p romote   t ransferab le   d rug   res i s tance   in   in tes t ina l  
b a c t e r i a ;  (3)  t h a t  a p o t e n t i a l  human health  hazard  might exist i f  
these   d rug- res i s tan t   bac te r ia   should   be   t ransmi t ted   to  man, where 
human ant ib io t ic   therapy   might   be  compromised; ( 4 )  t ha t   u se  of sub- 
t h e r a p e u t i c   l e v e l s  of a n   a n t i b a c t e r i a l   d r u g   i n   t h e   f e e d  of  an  animal 
might  compromise the  subsequent  treatment of c l i n i c a l   d i s e a s e   i n   t h e  
t reated  animal ,   should  disease occur.. Some other  concerns  included: 
(1) whether  optimal  usage levels of a n t i b a c t e r i a l   d r u g s   f o r  a given 
claim might   increase  s ignif icant ly   with  cont inued  use;   (2)   whether  
use  of an t ibac te r i a l   d rugs   migh t   i n  some way enhance  the  pathogenicity 
of b a c t e r i a ,  and (3)  whether   t i s sue   res idues   o f   d rugs   might   resu l t   in  
increased  numbers  of drug-resis tant   col i forms  and  pathogens  in  man, o r  
of t ox ic   e f f ec t s   such  as a l l e r g i c   h y p e r s e n s i t i v i t y   t o   a n t i b a c t e r i a l   d r u g s  
(caused by  human inges t ion  of meat f rom  an imals   fed   an t ibac ter ia l s ) .  

Based  upon these  concerns, ,   guidelines were e s t a b l i s h e d   t o   a i d   i n  
determining  whether  use of any an t ibac te r i a l   agen t   i n   an ima l   f eed  
p resen t s  a haza rd   t o  human or   an imal   hea l th .   Spec i f ic  Criteria 
based  on  these  guidel ines  were developed by t h e  FDA's Bureau of Veter- 
ina ry   Med ic ine   t o   e s t ab l i sh   t he   s a fe ty  of each  drug i n  animals  and 
humans. Under 21 CFR 558.,15, c e r t a i n   s t u d i e s   a d d r e s s i n g   t h e s e   s a f e t y  
concerns were t o  be  submit ted  to  FDA by drug  sponsors   before   Apri l  20, 
1975. Any a n t i b a c t e r i a l   a g e n t   f a i l i n g   t o  show s a f e t y  by . f a i l i n g   t o  
meet t h e  Criteria would  be  withdrawn  from  use i n  animal  feeds a t  sub- 
the rapeu t i c   l eve l s .  The fo l lowing   s ec t ions   d i scuss   t he  human and  animal 
h e a l t h  and safe ty   p roblems,   the   spec i f ic  Criteria that  address  the  prob- 
lems, and t h e   r e s u l t s  of s t u d i e s   t h a t  were submi t t ed   t o   r e so lve   t hese  
i ssues ,   wi th   respec t  t? those  evaluations  which  have  been  completed. 
S t i l l  under  Bureau  consideration are the   fo l lowing   drugs :   ty los in ,  
sulfadimethoxine-ormetoprim combination,  monensin  and  hygromycin. 
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2.1.1. Drug  Resistance  Transfer 

2.1.1.1.  I?roblem 

The primary  problem is microbial  drug  resistance  transfer. 
Transferable  drug  resistance  may  spread  widely  among  bacteria. 
Furthermore,  animal  bacteria  may  be  transmitted  to  man 
through  many  different  routes (i.e. ingestion,  handling 
meat). Increased  bacterial  drug  resistance in man's environ- 
ment  may  result  from  the  practice  of  using  subtherapeutic 
levels  of  penicillin  and  tetracyclines,  alone  and in drug 
combinations,  in  animal  feed  for  prolonged  periods. 
Feeding  of  subtherapeutic  antibacterials  results in  animals 
excreting  drug-resistant  bacteria  which  may be transferred 
to  man. The  feeding  of  penicillin  or  tetracyclines  and 
their  combinations  at  low-levels  for  long  periods  provides 
an  ideal  environment  for t:he selection  and  proliferation  of 
both  Gram-positive  and  Gram-negative  drug-resistant  bacteria. 
When  exposed  to an antibacterial,  the  organisms  that  are 
drug-resistant  survive  while  the  growth  of  other  (drug-sensitive) 
bacteria is inhibited.  Eventually,  the  drug-resistant 
organisms  predominate  in  the  bacterial  population. 

Transfer  of  Drug-Resistance  Among  Gram-negative  Bacteria 

Drug  resistance  is  primarily  determined  by  genetic  elements 
termed  "R-plasmids"  (R-f  actors , R+) . R-plasmids  are  small 
circles  of DNA that  occur  separately  from  the  bacterial 
chromosome.  These  R-plasmids  carry  genes  which  code for 
drug  resistance  and  other  characteristics  as  well  as  for 
the  capacity  to  reproduce  themselves.  Plasmids  may  determine 
resistance  to  more  than  one  antibacterial  agent.  This 
multiple  drug  resistance  may  occur  for  as  many  as  seven 
antibacterials.  Plasmids  can  transfer  from  one  bacterium  to 
another  and  from  non-pathogenic  to  pathogenic  strains. 
Plasmid  transfer  occurs,  although  with  varying  frequency, 
among  all  members of  the  enteric  bacteria  and  also  to 
members of other  families  of  Gram-negative  bacteria.  The 
pool  of  normal  Gram-negative  bacterial  intestinal  flora 
(largely  Escherichia  coli)  serves  as  a  reservoir  of  R-plasmids; 
these  R-plasmid-bearing  bacteria  interchange  among  animals, 
man,  and  the  environment.  The  potential  health  hazard 
increases  as  the  R-plasmid  r,eservoir  increases  because  the 
probability  of  R-plasmid  transfer  to  pathogens  increases. 
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Spread  of Bacteria i n   t h e  Environment 

Figure 1 depic ts   the   rou tes   th rough  which   en ter ic   bac te r ia ,   in -  
c luding  col i forms,   spread among animals,  man, and the  environment. 
En te r i c   bac t e r i a ,   such  as E, c o l i  and  Salmonella  typhimurium, 
t h r i v e   i n   t h e   i n t e s t i n e s  'of man and  animals  and are shed i n  
g r e a t  numbers, They e n t e r  streams, r i v e r s ,   t h e  sea, and  land 
i n  human and  animal waste.s where  they are widely  spread  and 
sometimes  mult iply,   there 'by  providing  opportuni t ies   for  
co loniz ing  more animals  and man. Farm animals grown as food 
f o r  man are a l s o  a source of e n t e r i c   b a c t e r i a   t h r o u g h   t h e i r  
handling  and management, ,slaughter,  preparation  and  consumption 
by humans. The waste products   (of fa l )   f rom  the   s laughter  of 
these  animals  are used in   an imal   feeds .  Animal feeds  have 
consequently  been  found t o  be a source of e n t e r i c   b a c t e r i a   f o r  
food-producing  animals  and  pets.  Antibacterials are used   to  
prevent and c o n t r o l   t h e   d i s e a s e s   t h a t  are sometimes  caused 
by e n t e r i c   b a c t e r i a  i n  young farm  animals ,   poul t ry ,  and 
hosp i t a l i zed  humans. The same a n t i b a c t e r i a l s  are used less 
f r e q u e n t l y   t o  t reat  d i seases   i n   f a rm  an ima l s  and humans. 
A n t i b a c t e r i a l - r e s i s t a n t   e n t e r i c   b a c t e r i a  which  emerge as a 
r e s u l t  of t h i s   s e l e c t i o n   p r e s s u r e   t h e n  are spread  throughout 
human and  animal  populations  and  the  environment. 

Direct contact  with  farm  animals as a source of coliforms and 
Salmonel la   has   been  s tudied by  numerous inves t iga to r s .  Marked 
drug-resistant  bacteria  have  been  used t o  show spread of farm 
an ima l   bac t e r i a   t o  man through  contact (Levy, 1976; Hirsch and  Wiger, 
1976; American Cyanamid submission of A p r i l  14,  1973). Other  data 
a l so   i nd ica t e   t h i s   sp read   t h rough   s imi l a r i t y   o f   s e ro types  (Howe 
and  Linton, 1976; Hartley, ,  1975), phage  types  (Anderson, 1975; 
Anderson  and Datta, 1965):, and incompatabili ty  groups  (Datta,  
FDA Contract  223-73-7210). S t u d i e s   a l s o   i n d i c a t e   t h a t  humans i n  
contact  with  animals  have a higher   incidence of drug-resis tant  
coliforms  (Linton e t  al., 1972; Wells and James, 1973; Siege l  
e t  al.,  1975; Wiedemann and  Knothe, 1971; Smith, 1974). Other 
s t u d i e s  show t h a t  employees a t  aba t to i r s ,   pou l t ry   pack ing   s t a t ions ,  
and  butchers are especial ly   exposed  to   animal   bacter ia   which may 
b e   r e s i s t a n t   t o   a n t i b a c t e r i a l   a g e n t s   ( S i e g e l ,  1976; Tschape  and 
Rische, 1974; Smith, 1969). Some case s t u d i e s   a l s o  document d i r e c t  
t ransmission of salmonel losis   to   veter inar ians ,   farm  workers  and 
the i r   f ami l i e s   f rom  con tac t   w i th   f a rm  an ima l s   (S i ege l ,  1976; FDA 
con t r ac t  70-211; Finlayson, 1975; Anderson, 1975; Hubbert et al., 
1974; Salmonella  Surveil lance  Report  #22, 7-8 January 1964; Mor- 
b i d i t y  and Mor ta l i ty  Weekly Report, 26:215 ( Ju ly  22,  1977)).  
Those  Salmonella  derived  from  antibiotic-fed  animals  often  carry 
m u l t i p l e   r e s i s t a n c e   t o   a n t i b i o t i c s  on plasmids. 

Various  studies  have shown animal  coliforms t o  be   t ransmi t ted   to  man 
v i a   i n g e s t i o n ,   e s p e c i a l l y   i n   r u r a l   p o p u l a t i o n s   e a t i n g   f r e s h l y  killed 
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animals  (Cooke  et  al., 1972; Siegel, 1976; Linton,  Howe,  Bennett 
et  al., 1973). These  latter  studies,  along  with  those  by  Howe 
and  Linton (1976), show  that  certain  serotypes  of E.  coli  persist 
in  the  human  intestine  after  ingestion  longer  than  others  regardless 
of  whether  antibiotics  are  present  or  whether  the  bacteria  are  sen- 
sitive  or  resistant  to  antibiotics.  There  are  many  studies  which 
demonstrate  the  contamination of  meat  and  chicken  carcasses,  es- 
pecially  by  the  animals'  own  gut  bacteria  (Walton, 1970; Walton  and 
Lewis, 1971; Babcock  et  al., 1973; Kim  and  Stephens, 1972; Linton, 
Handley  et al., 1977; Linton,  Howe  et al., 1977). Cross-contamination 
at  the  slaughterhouse  has  been  shown  (Siegel, 1976). Innumerable 
studies  document  contamination  of  meat  and  poultry  by  Salmonella 
organisms  during  slaughter,  packing,  storage  and  distribution 
(Newel1  and  Williams, 1971; Moorhouse, 1972; Edel  et  al., 1973; 
Dougherty, 1974; Weissman  and  Carpenter, 1969; Salmonella  Surveillance 
Report #73, 2-3 April, 1968). 

Coliforms  and  pathogens  such  as  Salmonella  are  spread  on  pasture  and 
cropland  in  livestock  manure  where  they  survive  for  long  periods 
(Edmonds, 1976; Evans  and  Owens, 1972; Robinson, 1970; Jack  and  Hepper, 
1969; Hess  et al., 1974; Williams, 1975). The  bacteria  may  enter  the 
water  supply  through  effluent  (run-off)  from  the  feedlot  or  farm. 
Grabow  et  al. (1975) demonstrated  that  bacteria  with  transferable 
drug  resistance,  derived  from  sewage  effluent,  survived  well  in  a 
river.  In  another  study,  the  spraying  of pig's excrement  over  a 
pasture  resulted in  a 30 to  900-fold  increase in the  concentration  of 
fecal  bacteria  in  the  drain  discharge,  with  several  days  required  to 
return  to  normal  level  (Evans  and  Owens, 1972). Other  studies  demon- 
strate  survival  of s. coli  and  Salmonella in  rivers  and  coastal  waters 
(Smith, 1970,  1971; Feary  et  al., 1972; Smith  et al., 1974; Hughes  and 
Meynell, 1974; Cooke, 1976; Hibbs  and  Foltz, 1964). Man  is  thus 
exposed  to  bacteria,  some of which  may  be  drug-resistant,  through 
both  swimming  and  drinking  water,  although  drinking  water  is  tradi- 
tionally  monitored  for  coliform  levels  as  an  index  of  fecal  contami- 
nation. 

Additionally,  aquatic  organisms  and  wildlife  which  acquire  bacteria 
can  constitute  a  source of  enteric  bacteria.  Filter-feeding  shell- 
fish,  such  as  clams  and  oysters,  have  been  shown  to  concentrate 
bacteria  from  overlying  waters  (Slanetz  et al., 1968). Antibiotic- 
resistant  coliforms  ingested  in  raw  oysters  (from  salt  water  bays 
contaminated  with  feedlot  effluents  and/or  domestic  sewage)  could 
constitute  a  potential  human  health  hazard  (Feary  et al., 1972; Cooke, 
1976). Experimentally  contaminated  oysters  have  been  shown  to  re- 
tain  Salmonella  typhimurium for up to 49 days  (Jansen, 1974). 

Animal  feedstuffs  have  also  been  implicated  as  sources of  salmonellae 
for  farm  animals  and  pets.  The  passage of salmonellae  from  farm  animals 
to  other  animals  through  ingestion  of  meat  and  bone  meal  has  been 
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followed  by  means  of  phage-typing  and  serotyping  organisms 
(Patterson, 1969; Patterson, 1971; Stott  et al., 1975). 
Pets  have  acquired  antibiotic-resistant  bacteria  from  feed 
containing  offal  and  passed  them  on  to  man  (Reynolds, 1974; 
Morse  and  Duncan, 1975). 

Salmonella  infections  are  also  transmitted  through  other 
animals  in  the  environment.  Insects  such  as  flies  and 
cockroaches,  mice  and  rats  serve  as  vectors  of  Salmonella. 
Salmonella  infection:;  have  been  found in  wild  gulls,  which 
frequent  sewage  outfalls  in  Great  Britain;  some  of  these  birds 
transmitted  salmonellosis  to  humans  (MacDonald  and  Brown, 
1974). Wild  birds  hiwe  also  been  found  with 2. typhimurium 
infections  in  the U.S. (Locke  et  al., 1974). Salmonella 
infections  were  found  in 64% of  the  fish  caught in  a  polluted 
river  in  Austria (Kohl, 1972). Fresh  water  fish  in  the U.S. 
have  been  shown  to  be  infected  with  salmonellae  (Martin, 1966; 
Morse  and  Duncan, 1974). Antibiotic  resistant E .  coli  and 
salmonellae  have  also  been  isolated  from  wild  animals  (Huber 
et  al., 1971; Hariharahan  et  al., 1974). 

Man  is  also  contributing  to  the  flow  of E. coli  and  other 
enteric  bacteria  through  his  fecal  excretion.  A  high  frequency 
of  drug-resistant  coliforms  and  other  bacteria  occur  in 
hospitals  where  high  antibacterial  selective  pressure  exists. 
These  enter  the  sewage  system  and,  eventually,  receiving 
waters.  From  the  total  human  population,  even  more  drug-resis- 
tant  bacteria  are  contributed  to  the  environment  through 
sewage.  In  addition  to  coliforms  contributed  to  streams  and . 
rivers  through  sewage  effluent,  sewage  sludge  contains  high 
numbers  of  coliforms  and is sometimes  used  as  a  fertilizer  and 
soil  conditioner  on  agricultural  land. As in the  case  of 
animal  wastes,  bacteria  in  sewage  sludge  may  then  contaminate 
agricultural  products,  and  enter  water  to  contaminate  aquatic 
organisms,  bathers,  and  drinking  water  supplies. 

For  a  more  complete  discussion  and  documentation  of  the  drug 
resistance  transfer  issue,  see  the  Notice  of  Opportunity  for 
Hearing  on  Penicillin  Premixes, 42 FR 43775-43780 (Appendix B). 
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2.1.1.2, Criteria 

. .  

The  1972  FDA  Task  Force  recommended  that  certain  studies  be  per- 
formed  for  each  subtherapeutic  antibacterial  used  in  animal  feeds 
to  address  the  issue  of  transfer  of  drug  resistance,  These  were: 
(a) an antibacterial  drug  fed  at  low-levels  to  animals  must  be 
shown  not  to  promote  increased  multiple  resistance  capable  of  being 
transferred  to  other  bacteria  in  animals  or  man; (b) if  increased 
transferable  multiple  resistance  is  found  in  coliforms,  studies  may 
be  done  to  show  whet'her  this  resistance  is  transferable  to  man. 

2.1.1.3 Results 

In the  FDA  review of the  data  submitted  by  the  drug  firms,  olean- 
domycin,  bambermycins,  lincomycin,  erythromycin,  virginiamycin  and 
bacitracin  were  found to satisfy  criteria  on  drug-resistance.  After 
review  of  data  on  penicillin  and  tetracyclines  submitted  by  the  drug 
firms  and  contractors, BVM concluded  that: (a) increased  multiple  trans- 
ferable  resistance  is  enhanced  by  the  use of subtherapeutic  peni- 
cillin  and  tetracyclines  and  their  combination  antibacterial  pro- 
ducts  in  feed;  (b)  this  bacterial  resistance  is  transferable  to 
man.  Details  are  given in 42 FR  43775  and 42 FR  56267  (see 
Appendix B ). 

2.1.2. Salmonella  Shedding  and  Resistance 

2.1.2.1. Problem 

Because  of  the  British  phage-29  Salmonella  epidemic  in  calves 
from  intensive  farms  (discussed  in  Section l ) ,  the  Task  Force 
was  concerned  with  the  dangers  (to  both  animals  and  man)  of 
increased  Salmonella  shedding  (excretion)  under  the  selective 
pressure  of  subtherapeutic  use  of  antibacterials  in  animal  feeds. 
Data  from  human  clinical  studies  supported  the  fact  that  the 
duration  of  shedding  could  be  prolonged  and  even  exacerbated  by 
use  of  drugs  such  as  ampicillin,  tetracyclines  or  neomycin. As a 
result,  antibiotics  are  generally  not  used  in  human  Salmonella 
food-poisoning  (Garrod  et  al.  1973;  Dixon,  1965;  Rosenthal,  1969; 
Aserkoff  and  Bennett, 1969). Studies  in  the  scientific  literature 
addressed  in 42 FR  43772,  August  30,  1977  and 42  FR~56264, October 
21, 1977 (Appendix B )  had  shown  that  the  use  of  subtherapeutic 
levels  of  penicillin,,  tetracyclines  and  their  combinations  in  animal 
feed  contribute  to  the  increase  in  drug-resistant E. coli  with  the 
subsequent  transfer  of  this  resistance  to  Salmonella,  a  pathogenic 
organism  affecting  both  animals  and  man.  Studies  also  demonstrate 
that,  although  the  shedding  of  a  drug-sensitive  Salmonella  was  not 
increased  by  the  use  of  chlortetracycline  animal  feeds  in  comparison 
to  control  chicks,  swine  or  cattle,  shedding  did  increase  in  duration, 
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quantity,  and  prevalence  when  a  resistant  Salmonella  strain  was 
used  (Rollins,  FDA  Project 108). Theoretically  this  should  apply 
to  other  antibacterials  where  drug-resistant  strains  occur  under 
continuous  long-term  antibacterial  selective  pressure;  there  is 
a  high  probability  that  resistant  bacteria  will  be  selected, 
multiply,  and  ultimately  predominate. 

2.1.2.2. Criteria 

The  criteria to  show  animal  and  human  safety  with  regard  to  Sal- 
monella  required  the  following:  (a)  the  use  of  an  antibacterial 
drug  in  animal  feed  must  be  shown  not  to  result  in  increased  quan- 
tity,  prevalence  or  duration  of  Salmonella  shedding  in  medicated 
animals  as  compared  to  non-medicated  controls; (b) increase  in 
the  amount  and  spectrum  of  drug-resistant  Salmonella  should 
not  occur. 

2.1.2.3. Results 

Although  data  received  indicated  that  oleandomycin,  virginiamycin, 
bacitracin,  bambermycins  and  lincomycin  satisfied  all  criteria, 
data  in  the  drug  firm  studies,  the  FDA  study  with  resistant  Sal- 
monella  (Rollins,  FDA  project  108)  mentioned  above,  and  in  the 
literature  indicate  that  neither part of  these  criteria  has  been 
completely  satisfied  by  penicillin  or  tetracyclines  (See 42 FR  43772 
and 42 FR  56264,  Appendix B). 

2.1.3. Compromise  of  Animal  Therapy 

2.1.3.1. Problem 

Another  potential  problem  outlined  by  the  Task  Force  was  the  com- 
promise  of  animal  therapy  with  antibacterial  agents  as  a  result:  of 
the  prior  use  of  low  levels  of  the  same  or  a  related  antibacterial 
drug  during  feeding.  Although  there  are  many  studies  in  human 
medicine  showing  bacterial  disease  refractory  to  treatment  because 
of  drug  resistance; i.e., chloramphenicol  resistant  Salmonella  typhi 
(Calderon  et  al.,  19'74;  Brown  et  al.,  1975;  Gutierrez  et  al.,  1974)  and 
penicillin-resistant  Streptococcus  (Physicians  Desk  Ref.,  31st.  ed., 
1977 p. 1200).  However,  there  is  little  information  in  the  literature 
about  this  problem  in  animals. 

2.1.3.2. Criterion 

Under  21  CFR  558-15,  drug  firm  studies  were  required  to  show  that 
use of each  subtherapeutic  antibacterial  agent  would  not  result  in 
disease  (caused  by Ldmonella or  other  organisms)  that  would  be  more 
difficult  to  treat  subsequently  at  therapeutic  levels  with  either  the 
same  medication  or  other  drugs. 
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2.1.3.3. Resul t s  

Although some of t he   d rug   f i rm   s tud ie s  were poorly  designed  to 
answer  the  quest ion,   the   data   received  did  not   indicate   that  
subsequent  therapeutic  treatment of a n i m a l s   a f t e r   p r i o r   u s e  of 
any s u b t h e r a p e u t i c   a n t i b a c t e r i a l   l e d   t o  a s t a t i s t i c a l l y   s i g n i f i -  
cant   animal   heal th   and  safety problem.  Table I summarizes the  
s t u d i e s   c a r r i e d   o u t   w i t h   p e n i c i l l i n  and t e t r a c y c l i n e s  and iden t i -  
f ies   those   s tud ies   wi th   ques t ionable   exper imenta l   des ign .  A f u l l  
d i scuss ion  is g i v e n   i n   t h e  FEDERAL  REGISTER n o t i c e s  on p e n i c i l l i n  
and t e t r a c y c l i n e s   i n  Appendix B. 

S tud ie s  were a l s o   c a r r i e d   o u t  on erythromycin,  lincomycin,  oleando- 
mycin  and  sulfadimethoxine  plus  ormetoprim. 

Erythromycin w a s  g iven   subtherapeut ica l ly   to   ch ickens  who were then 
experimental ly   infected  with Mycoplasma ga l l i s ep t i cum  to   p roduce  air- 
s a c c u l i t i s .  Subsequent  treatment was w i t h   t h e r a p e u t i c   l e v e l s  of 
erythromycin,  and w a s  no t   a f fec ted  by earlier medication.  This is 
not   surpr is ing,   s ince? mycoplasma are not  known to   acqu i r e   d rug  resis- 
tance  plasmids,  and  have  not  been shown to  acquire  plasmids  from&. 
- col i .   Furthermore,   the  two sets of organisms may not  have  been i n  
contact  between  the gut and  upper  respiratory tract .  

Lincomycin, a t  100  gl'ton, w a s  used in   s eve ra l   g roups  of swine  pr ior  
t o   i nocu la t ion   w i th   co lon ic  material from  swine  dysentery.  After 
development of c l i n i c a l   s i g n s  of disease,   l incomycin  therapy was re- 
i n s t i t u t e d   i n  one  group  each of premedicated  and  control  pigs.  Mor- 
t a l i t y  and i s o l a t i o n  of  Treponema were lowest in   those   an imals   g iven  
lincomycin  post-challenge. It i s  u n l i k e l y   t h a t  any r e s i s t a n t  Gram-  
pos i t ive   bac te r ia   deve loping   l incomycin   res i s tance   could   t ransfer  
p lasmids   to   sp i roche tes ,   the   causa t ive   bac te r ia   for   swine   dysentery .  
Gram-negative  coliform  organisms are na tu ra l ly   r e f r ac to ry   t o   l i ncomyc in  
and  do  not  develop  plasmid-mediated  resistance  to i t .  It is the re fo re  
expected  that  no  compromise  of therapy  could  occur.  In a second  study, 
swine  given  subtherapeut ic   levels  of lincomycin (100 g / ton)  were chal- 
lenged  with  Salmonella  choleraesuis.  Furazolidone (300 g/ ton)  w a s  
given  post-challenge.  Since  l incomycin  has  no  effect  upon Salmonella, 
is not   chemical ly   re la ted  to   furazol idone,   and  nei ther   drug is found 
t o  select f o r  Gram-negative t r a n s f e r a b l e  resistance, i t  is not  sur- 
p r i s i n g   t h a t  no  compromise of therapy  occurred. 

Oleandomycin w a s  g iven   subtherapeut ica l ly  ( 2  g / t o n )   t o   c h i c k e n s   i n  a 
third  s tudy,   fol lowed by in t ramuscular   in jec t ion   wi th  E. c o l i .  Oxy- 
t e t r a c y c l i n e  was given i n  feed (500 g / t o n )   o r  by i n j e c t i o n  post- 
challenge  for  therapy.  There was no  compromise  of th i s   therapy  by 
t h e  earlier use  of oleandomycin.  Indeed,  none  should  be  expected 
since  oleandomycin has no i n h i b i t o r y   e f f e c t  upon  Gram-negative 
bac te r i a   no r  do coliforms  acquire  Gram-negative  transferable resis- 
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tance  to  oleandomycin.   Since  plasmid-mediated  resistance  to 
macrolide  drugs is found  only  in  Gram-posit ive  bacteria,   an 
ideal  experiment on  compromise of therapy  would test whether 
oleandomycin-resistant  Gram-posit ive  bacteria  affected  subsequent 
therapy  with  another  macrolide,   not w i t h  a t e t r a c y c l i n e .  A 
similar study was conducted  with  swine  premedicated  with 5 
g/ton  oleandomycin,   infected  with  Salmonella  choleraesuis  and 
then  t reated  with  oxytetracycl ine.   Again  the  presence or  
absence of  oleandomycin  pretherapy was wi thou t   e f f ec t  on t h e  
t h e r a p e u t i c   a c t i o n  of oxyte t racyc l ine  i n  reducing  diarrhea  and 
deaths.  

An experiment was a lso   conducted   wi th   ch ickens   to  see i f  premedi- 
ca t ion   w i th  .02% Rofenaid  (ormetoprim  plus  sulfadimethoxine) 
compromised therapy  ,with  furazolidone on experimental  E. 
co l i - induced   a i r sacu l l i t i s .  No compromise  of therapy w a s  
seen;  however,  no i n t e r a c t i o n  would be  expected  between  these 
drugs. 

I n  summary, s t u d i e s  (conducted by drug  f i rms to a d d r e s s   t h e  
compromise  of  therapy cr i ter ia  were, f o r   t h e  most p a r t ,   t o o  
poorly  designed  to   resolve  the  issue.  No subsequent  therapy 
s t u d i e s  were ca r r i ed   ou t   u s ing  bambermycins, b a c i t r a c i n ,  
v i rg in i amyc in ,   t y los in   o r  monensin. 

We are n o t   f a m i l i a r   w i t h   s t u d i e s   i n   t h e   l i t e r a t u r e   i n d i c a t i n g  
compromise  of animal   therapy  other   than  the  Hjerpe  s tudy  descr ibed 
by Kerr (1973) on drug-res i s tan t   Pas teure l la  in ca t t l e  which 
d id   no t   respond  to   t e t racyc l ine   t rea tment .  
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TABLE I 
THE EFFECT OF SUBTHEWEUTIC DOSES OF PENICILLIN, TETRACYCLINES AND 

COMBI.NATIONS ON SUBSEQUENT THERAPY 

COMPROMISE OF THERAPY 
DISEASE THERAPEUTIC (BASED ON MORTALITY I N  

SUBTHERAPEUTIC  ORGANISM MEDICATION PRE-MEDICATED VS . NON- 
SPECIES MEDICATION AND ROUTE AND ROUTE MEDICATED) 

Chickens   penic i l l in  E. c o l i   o x y t e t r a c y c l i n e  (37% vs. 0/30) 
(i .me ) * 12-5 mg (i.rn.1 

Swine penici l l in   Salmonel la   ni t rofurazone  (1/10  vs .   0 /10)  
choleraesuis   (dr inking  water)  

(o ra l )  

Chickens  chlor te t ra-  -- E, c o l i  OTC ( o r a l )  (1/30 vs  5/30) 
cyc l ine  (CTC) (air sac)* 

Liquamycin 
(OTC/a. q.  ) (0/30  vs 0/30 

Chickens  chlortetra-  Salmonella CTC (oral)   (21/50  vs  18/50) 
cyc l ine  (CTC) pa l l inar ium 

( o r a l  2 phases) 

Calves CTC - S. typhimurium OTC ( o r a l )  (0/7 vs  0/7) 
( i n t r a g a s t r i c )  

Calves CTC - S. typhimurium  sulfamethazine  (0/7  vs 0/10) 
su l famethaz ine   ( in t ragas t r ic )   (ora l )  

(SU 1 

Swine oxyte t racyc l ine  2. choleraesu is  OTC ( o r a l )  (1/10 v s  0/10) 
( O K )  ( i n t r a g a s t r i c )  

Swine CSP-250 S. choleraesu is  neomycin* (1/10  vs  0/10) 
(CTC,SU,Pen.) ( i n t r a g a s t r i c )   ( o r a l )  

- 

Swine CTC E. col i   Furacin" (0/10 vs 0/10) - -  
( o r a l )   ( o r a l )  

Swine  Aureo SP-250 - S. choleraesuis  sulfamethazine  (9/10 vs 8/10 
(CTC , SU, Pen. ) (ora l )   ( i .p -1  

- "questionable  experimental  design 



. 

-17- 

2.1.4. Optimal  Level  of  Effectiveness 

2.1.4.1. Problem 

Another  potential  problem  related  to  animal  safety  foreseen  by  the 
Task  Force  was  that  the  optimal  amount  of  drug  required  to  achieve 
efficacy  in  any  given  claim  might  increase  with  continued  use. 
This  might  occur  through  mechanisms  such  as  increased  drug  resis- 
tance  in  pathogenic  bacteria.  In  the  case  of  use  for  growth  pro- 
motion  where  mechanisms  of  action  are  not  understood,  the  animals' 
response  to  the  drug  might  decline  with  time, i.e. require  in- 
creasing  amounts  for  a  given  response  to  occur. 

2.1.4.2. Criterion 

This  animal  health  criterion  stated  that  an  optimum  usage  level 
for  each  indication  of  use  of  the  antibacterial  drug  at  subthera- 
peutic  levels  should  be  established. 

Once  the  optimum  level  is  established, a study  should  continue  over 
succeeding  generations  or  populations  of  animals  to  determine  if 
this  same  level  continues  to  yield  the  same  measurable  effect. 

2.1.4.,3. Studies  and  Results 

To address  this  criterion, 42 FR 56264-56289 refers  to  a  study 
from  Animal  Health  Institute (AHI), an industry  sponsored  organi- 
zation.  The AH1 study,  begun  in 1972, compares  the  effectiveness 
of  four  antibiotics  (chlortetracycline,  tylosin,  bacitracin,  and 
virginiamycin)  with a nonmedicated  group  in  swine  (Langlois  et  al, 
1976) .  This  study  was  considered  by FDA to  be  inadequate  in  design 
to  resolve  the  optimad  level  of  effectiveness  issue  since  graded 
dose  levels  were  not  used (FEDERAL REGISTER, October 21,   1977,  p. 
56283) .  No studies  specifically  addressed  the  potential  problem 
of  change in  optimal  levels  of  effectiveness  using  subtherapeutic 
levels  of  penicillin,  tetracyclines, or other  antibacterials. 

However,  Farrington  and  Switzer ( 1 9 7 4 )  discuss  the  necessity  of 
using 4-9 times  the  normal  level  of  sulfonamides  in  feed  used  to 
treat  the 70-80% sulfonamide-resistant  Bordetella  bronchiseptica 
causing  atrophic  rhinitis  in  swine. 

The  issue of change  in  the  optimal  dose  required  to  achieve  an 
effect  should  not  be  confused  with  the  efficacy  of  the  drug  as 
discussed  in  Section 2.2. In  Section 2.2., a  drug  is  considered 
effective  for a given  usage  if it achieves  the  stated  effect  at 
the  dose  claimed  to  be  effective.  There is no consideration  of 
whether  the  amount  of  drug  required  for  a  certain  claim  might 
change,  and  there is no comparison  between  the  doses  required  for 
different  drugs to achieve  a  given  response. 



. 
-18- 

2.1.5. Pathogenicity  Enhancement 

2.1.5.1. Problem 

The  Task  Force  consildered  that  a  potential  problem  would  exist  if 
genes  enhancing  pathogenicity  and  genes  carrying  drug  resistance 
became  linked on one  plasmid.  This  might  occur  at  a  higher  rate 
than  usual  under  the  selective  pressure  of  low  level  antibacterial 
exposure.  If  these  genes  became  linked,  the  feeding  of  antibacterial 
drugs  would  select  for  and  result  in  the  transfer  pathogenicity 
factors  as  well  as  drug  resistance.  Genes  determining  pathogenicity 
are  known  to  occur om bacterial  plasmids  and  are  well-characterized. 
Especially  important  are  the  plasmids  coding  for  enterotoxin  pro- 
duction  in  the  common  intestinal  bacteria E. *. Colonization 
(infection)  with  enterotoxin  producing  organisms  occurs  in  diseases 
such  as  scours  in  baby  pigs  or  infant  diarrhea.  Plasmids  linking 
genes for toxin  production  and  drug  resistance  could  potentially  be 
transferred  to  intestinal  bacteria  colonizing  man,  However,  some 
early  studies  in  this  controversial  area  consider  R-factor  bearing 
bacteria  as  less  pathogenic  for  animals  (Smith, 1972; Jarolman  and 
Kemp,  1969).  However,  review  of  the  tables  in  the  Smith  article 
indicates  little  difference  between  R  and  R-  smooth  strains 
(WHO report,  1976)  and  articles  on  pathogenic  drug-resistant 
Salmonella  indicate  spread of disease  (Wilcox  et  al.,  1976;  Sabo 
and  Krcmery,  1974). 

+ 

2.1.5.2.  Criterion 

This  criterion  stated  that  the  use  of  low  levels of an  antibacterial 
drug  should  not  enhance  the  pathogenicity of bacteria.  The  association 
of  toxin  production  characteristics  with  transfer  factors  was  to  be 
investigated  in  well-designed  studies. 

2.1.5..3. Results 

No adequate  studies  pertinent to this  issue  were  submitted  by  drug 
sponsors.  Reviewers  felt  that  the  Walton  study  sponsored  by AH1 
(Final  Report  submitted  to  FDA,  April 18, 1975, MF 3589)  was  poorly  done 
and  addressed  the  issue  incompletely,  However,  results  of  an  FDA  con- 
tract  and  recent  literature  reports  show  that  the  genetic  determinants 
for  toxin  production  may  become  linked  with  drug  resistance  genes,  This 
association  is  enhanced  by  the  feeding  of  antibacterial  drugs  such  as 
neomycin  (Falkow,  FDA  Contract  73-7210;  Falkow eta., 1976;  Gyles  et  al., 
1977;  and 42 FR  56283,  October  21,  1977)-  FDA  considered  that  the &I 

ment  of  pathogenicity,  and  that  additional  studies  using  penicillin, 
tetracyclines,  or  other  antibiotics  were  not  needed  to  show  potential 
linkage  of  R-plasmids  and  pathogenicity  factors  under  antibiotic  pressure. 

- vivo  neomycin  study  was  a  model  which  was  adequate  to  show  the  enhance- 
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2.1.6-  Antibacterial  Drug  Residues  and 
Hypersensitivity 

2.1.6.1. Problem 

The  presence  of  antibacterial  drug  residues  in  animal  tissues  was 
considered  to  be  another  potential  problem  by  the  Task  Force  be- 
cause  of  the  possibility of: (a)  inducing  bacterial  drug  resis- 
tance  or  enhancing  pathogenicity in human  intestinal  flora; (b) 
potential  production  of  allergic  hypersensitivity  reactions  or  other 
toxic  effects  in  humans  from  ingestion of these  drugs  via  meat  or 
poultry  products.  Allergic  reactions  are  not  dose-dependent  and a 
sensitized  individual  can  react  to  an  infinitesimally  small  amount 
of  the  allergen. 

Tissue  residue  violations  have  been  found  by  the  United  States 
Department  of  Agriculture  (USDA)  for  many  drugs,  especially  sulfona- 
mides.  These  violations  are  discussed  for  each  specific  drug  in 
Appendix A. 

Anaphylactic  reactions  to  clinically  administered  penicillin  are 
common  in  man (bin, 1966). Human  allergic  reactions  to  penicillin 
have  also  occasionally  occurred  as a result  of  ingestion of tissue 
residues,  skin  contact  or  occupational  exposure  (Idsoe  et al., 1968; 
Caplan, 1969). Dermatological  reactions  to  sulfonamides  and  to  neo- 
mycin  are  frequent  (Cronin,  1972).  The  tetracyclines  have  produced 
photoallergic  and  phototoxic  reactions,  as  well  as  changes  in  neonatal 
tissues-  Cross-sensitization  among  the  tetracyclines  is  often  observed 
(i.e. an  individual  sensitive  to  oxytetracycline  would  also  be  sensitive 
to  chlortetracycline).  Although  allergic  hypersensitivity  reactions  are 
rare,  there  are  occasionally  extremely  severe  reactions  such  as  anaphy- 
lactic  shock  (Schindel,  1965)  and  allergic  reactions  from  skin  contact  with 
tetracyclines  are  common  in  occupational  exposure.  For  this  reason, 
hypersensitivity  reactions  to  penicillin,  tetracyclines,  and  drugs  used 
in  combination  with  tetracyclines  and  penicillin (e.g., sulfonamides, 
neomycin)  must  be  considered  potentially  harmful  to  man. 

2.1.6-2.  Criteria 

The  Task  Force  criteria  state  that  an  antibacterial  drug  used  at  subthera- 
peutic  levels  in  the  feed of animals  shall  not  resul-t  in  residues  in  food 
ingested  by  man  which  may  cause  either  increased  numbers  of  pathogenic 
bacteria  or  an  increase i n  the  resistance of pathogens  to  antibacterial 
agents  used  in  human  medicine.  Hypersensitivity  to  residues  was  to  be 
addressed  by a literature  survey. 

2.1.6.3. Results 

There  are no reported  incidents of tetracycline or penicillin  hyper- 
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sensitivity  connected  with  ingestion  or  handling  of  animal  tissue 
containing  antibacterial  residues  as  a  result  of  subtherapeutic 
feeding,  although  such  reactions  are  theoretically  possible.  In 
one  study,  penicillin  breakdown  products  were  shown  to  select  for 
drug-resistant  organisms (Katz et  al., 1974). In another  study, 
dogs  were  fed  chicken  with  tetracycline  residues  below  FDA  toler- 
ance  levels  in  their  tissues.  These  dogs  developed  tetracycline- 
resistant  coliforms,  either  as  a  result  of  drug-resistant  bacteria 
from  the  chickens  or  from  the  tetracycline  residues  (American 
Cyanamid  Study,  Animal  Health  Inst., MF 3589). Both  of  these  studies 
indicated  that  penicillin  and  tetracyclines  did  not  conform  to  the 
antibiotic  residue  criteria  with  regard  to  drug  resistance.  Occurrence 
of  human  allergic  hypersensitivity  to  other  antibacterials  is  sum- 
marized  in  Table  VII,  Section  111,  with  narrative  and  references  in 
Appendix A. 

2.2. Efficacy 

As  mentioned  above,  the  FDA  Task  Force  was  also  concerned  with  the 
efficacy  of  low  level  antibacterials  in  animal  feed.  Chlortetracycline, 
oxytetracycline,  and  penicillin  were  originally  marketed  before  the 
1962 Food  and  Drug  amendments  which  require  a  showing  of  efficacy  for 
the  marketing  of  new  animal  drugs.  Consequently  these  antibacterials 
were  being  marketed  at  subtherapeutic  levels in  animal  feed  for  uses 
in  which  efficacy  had  not  been  shown.  Review  of  animal  feed  premixes 
containing  these  drugs  by  the  National  Academy of Sciences-National 
Research  Council,  Veterinary  Drug  Efficacy  Study  Group  (NAS-NRC) 
resulted in conclusions  by  the  NAS-NRC  and FDA that  some  of  the  product 
claims  as  labeled  for  use in animal  feeds  were  not  effective  and  that 
there  was  no  substantial  evidence  that  each  active  ingredient  of 
multiple  active  ingredient  products  contributed  to  the  total  effect 
claimed  for  the  drug  combinations. 

Subsequently,  the  FD.A  issued  a  series  of  FEDERAL  REGISTER  notices 
in 1970-71 announcin,g  the  conclusions  of  the  NAS-NRC  and  FDA, 
requesting  adequate  (evidence  of  the  effect  claimed,  and  revising 
labeling.  Furthermore, 21 CFR 558.15 required  the  submission  of  drug 
efficacy  data  for: (1) any  animal  feed-use  combination  product  cou- 
taining  an  antibacterial  drug; (2) and  any  feed-use  single  ingredient 
antibacterial  not  reviewed  by  the  NAS-NRC.  The  efficacy  of 
subtherapeutic  tetracycline  claims  where  no  effective  substitute  drug 
is  available,  as  reviewed  by  the  NAS-NRC  or FDA,  is discussed in the 
October 21,  1977 FEDERAL  REGISTER  notice (42 FR 56254). 

The lack  of  adequate  evidence  for  efficacy  of  the  penicillin- 
streptomycin  Combination  is  discussed in the  proposal  to 
withdraw  approval  of  premixes  containing  this  drug  combination 
(42 FR 29999). The  efficacy  of chlortetracycline-sulfonamide- 
penicillin  premixes is currently  under  review  by  the  FDA. 
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SECTION 3.  DATA USED I N  DETERMINING ENVIRONMENTAL IMPACTS OF 
REGULATORY ALTERNATIVES 

The purpose of t h i s   s e c t i o n  is to   cons ide r   t he   da t a   ava i l ab le   t ha t  
are usefu l   in   p red ic t ing   envi ronmenta l  impac t  assoc ia ted   wi th   the  
va r ious   r egu la to ry   a l t e rna t ives   cons ide red   i n   Sec t ion  4. Examination 
of   approved   subtherapeut ic   uses   in   an imals   for   t e t racyc l ines  and  peni- 
c i l l i n ,   a l o n e   o r   i n   c o m b i n a t i o n s ,   v e r s u s   t h e   a v a i l a b l e   s u b s t i t u t e  
drugs  (Sec. 3.1.) r evea l s   t e t r acyc l ine  claims f o r  which the re  are no 
subtherapeut ic   subs t i tu tes   ava i lab le .   This   in format ion   can   be   used  
t o  estimate poss ib l e   sh i f t s   i n   d rug   u se   t ha t   migh t   r e su l t   f rom re- 
s t r i c t i n g   p a r t i c u l a r  claims, as discussed  under   the  var ious  regulatory 
a l t e rna t ives   (Sec t ion  4 ) .  Marketing  data  describe  the  current magni- 
tude of u s e  of t he   va r ious   an t ibac te r i a l   d rugs  by the  animal   industry 
(Sec. 3.2.).  Geographical   d is t r ibut ion of catt le,  swine,  and  chickens 
i n   t h e  U.S. desc r ibes ,   i n   gene ra l  terms, t h e  areas exposed to   environ-  
mental   residues of those  drugs  which are excreted p a r t i a l l y  or  wholly 
as the   b ioac t ive   paren t  material or  otherwise  impacted by changes i n  
animal management p rac t i ces  (Sec. 3.3.).  The physical,  chemical, 
biological ,   and  environmental   propert ies  of the  drugs  (Sec. 3.4:)  
given  here  i n  tabular  form, are used t o   p r e d i c t   t h e   l e v e l s  of i n t r o -  
duct ion of drugs  int 'o  the  environment  and  the f a t e  and e f f e c t s  of those 
drugs,  once  introducced  (Detailed  information  with  supporting  references 
is p resen ted   i n  Appendix A). When these   da t a  are considered  together ,  
the  environmental   hazard of an t ibac te r i a l   d rugs   r e l a t ive   t o   one  
another   can  be  es t imated,   wi thin  the  l imitat ions of ex i s t ing   i n fo r -  
mat ion   ava i lab le   to   the  Agency. 

Recognizing  the  knowledge  gaps  that  exist  with  respect  to  deter- 
mining  the  relative  environmental   hazard of  animal  drugs,  the 
Agency published a request   for   re levant   environmental   information 
on t e t r acyc l ines ,   pen ic i l l i n ,   combina t ion   d rugs ,   and   subs t i t u t e  
drugs ( 4 2  FR 27264-27266, May 27,   1977) .  The in fo rma t ion   r ece ived   i n  
r e sponse   t o   t he   r eques t   has   been   u sed   i n   t h i s   s ec t ion  and i n  Appendix 
A. No information on some drugs w a s  received  and  only  l imited  infor- 
mation w a s  received jEor others .  Combined w i t h   t h e   r e s u l t s  of  an 
ex tens ive   l i t e r a tu re   s ea rch ,   t hese   da t a   p re sen t  a gene ra l   p i c tu re  of 
the  environmental   impacts  associated  with  the  use of each  drug. 
However, s ign i f icant   in format ion   gaps   ex is t   for  most drugs  which s t i l l  
need fur ther   s tudy.   Quest ionable   or   missing  data  are r e f l e c t e d  by 
quest ion marks in   t he   fo l lowing   t ab le s .  

3.1. Subtherapeutic Claims fo r   Te t r acyc l ines ,   Pen ic i l l i n ,  
Combinations,  and  Substitutes 

Antibacterial  drugs  have  been  used a t  subtherapeut ic   l eve ls   ( lower  
l eve l s   t han   t he rapeu t i c   l eve l s   needed   t o   cu re   d i sease )   i n   an ima l  
feed   for   over  25 years. For chickens  and  swine,  "subtherapeutic" 
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is genera l ly   def ined  as approximately 200 ppm o r  less i n   f e e d .  
For cat t le ,  5 mg/lb body wt/day o r  less is considered  subthera- 
peut ic .  Growth benef i t s   f rom  subtherapeut ic   use  were f i r s t  
observed by Jukes  and Williams (1953) ,  when animals were f e d  
discard  products   f rom  the  fermentat ion  process   that  was o r i g i n a l l y  
used in   the   manufac ture  of ch lo r t e t r acyc l ine .  The p r e c i s e  mechanism 
of ac t ion ,  however,  remains  unclear. 

I n   a d d i t i o n   t o  growth  promotion  and  feed  efficiency claims, t h e  
Bureau  of  Veterinary  Medicine  accepts  certain claims fo r   p reven t ion  
and c o n t r o l  of d i seases   in   food   an imals  by use  of   subtherapeut ic  
levels of a n t i b a c t e r i a l s .  

Details of dosages  used,  species of an imal ,   and   spec i f ic   d i sease  
claims fo r   pen ic i l l h ,   t e t r acyc l ines ,   combina t ion   d rugs  and p o t e n t i a l  
s u b s t i t u t e   d r u g s  are given i n  Table 11. Th i s   t ab l e  is gene ra l ly  
based upon 21  CFR 558, but  i s  not  a complete list of a l l  subthera- 
p e u t i c  claims and   drugs   ava i lab le   due   to   var ia t ion   in   the   wording  
of s p e c i f i c  claims for   each  drug.   Those  te t racycl ine claims f o r  
food-producing anima.ls where the re  are no s u b t h e r a p e u t i c   s u b s t i t u t e  
drugs   ava i lab le  are in11 shown,  however. There are s u b s t i t u t e s   f o r  
a l l  p e n i c i l l i n   s u b t h e r a p e u t i c  claims. 

For most sub the rapeu t i c   t e t r acyc l ine  and p e n i c i l l i n   u s e s ,  many- 
subs t i t u t e   d rugs  are ava i l ab le .   Sec t ion  3.2., Marketing Data, 
i nd ica t e s   p re sen t  knowledge  about t h e   e x t e n t   t o  which t h e s e  sub- 
s t i t u t e s  are used   r e l a t ive   t o   t e t r acyc l ine -   and   pen ic i l l i n -con ta in ing  
drugs. 
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TABLE 11 

Control  and  Growth  Promotion  Claims  for  Penicillin,  Tetracyclines, 
Their  Combinations  and  Available  Substitutes.* 

DRUG  SPECIES  USE  INDICATION  SUBST.  DRUG  AND DOSE 

Penicillin chickens Growth  promotion, 
(2.4-50 and feed  efficiency . 
g/ton)  turkeys 

Penicillin chickens Prevent  ion & 

g/ton) turkeys chronic  respira- 
(50-100 and  treatment  of 

tory  disease ( 0 1 ,  
blue  comb  and  in- 
fectious  sinusitis. 

(10-50 g/ton)  swine  Growth  promotion, 
feed  efficiency. 

Arsanilic  Acid  or 
Sodium  Arsanilate 
(90 g/ton) 
Bacitracin  (Zn  or M.D.)** 
(4-50 g/ton) 
Bambermycins 
(1-2 g/ton) 
Erythromycin 
(4.6-18.5 g/ton) 
Lincomycin 
(2-4 g/ton) 
Oleandomycin 
(1-2 g/ton) 
Tylosin 
(4-50 g/ton) 
Roxarsone 
(0.0025-0.005%) 

Bacitracin (Zn or M . D . )  
(50-100 g/ton) 
Erythromycin  (CRD  only) 
(92.5 g/ton) 

Bacitracin  (Zn  or M.D.) 
(10-50 g/ton) 
Carbadox 
(10-25 g/ton) 
Erythromycin 
(9.25-64.75 g/ton) 
Bambermycins 
(2  g/ton) 
Oleandomycin 
(5-11.25 g/ton) 
Virginiamycin 
(10 g/ton) 
Tylosin 
(10-100 g/ton) 

* Partial  Listing- 
**Zn=Zinc 
M.D.= methylene  disalicylate 
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TABLE I1 (CONTINUED) 

DRUG  SPECIES 

Penicillin  chickens 
(2.4-38 and 
g/ton)  turkeys 
plus 
streptomycin 
(12-47.6 
g/ton) 

90 - 180 chickens 
g/ton  (of  the 
combi- 
nation) 

turkeys 

90-270 g/ton  swine 
(of  the  combi- 
nation) 

USE  INDICATION SUB. DRUG  AND  DOSE 

Growth  promotion Arsanilic  Acid 
and  feed  effic- (90 g/ton) 
iency . Bacitracin  (Zn or M . D . )  

(4-50 g/ton) 
Bambermycins 
(1-2 g/ton) 
Erythromycin 
(4.6-18.5 g/ton) 
Roxarsone 

Tylosin 
(4-50 g/ton) 
Oleandomycin 
(1-2 g/ton) 
Lincomycin 
(2-4 g/ton) 

(0.0025-0.005%) 

Treatment of Bacitracin (Zn or M.D.) 
chronic  respiratory (50-100 g/ton) 
disease  (air-sac  Erythromycin  (CRD  only) 
infection),  blue- (92.5 g/ton) 
comb  (nonspecific 
infectious  enter- 
itis). 

Treatment  of  in-  Bacitracin (M.D.) 
fectious  sinusitis,  (except  hexamitiasis) 
blue  comb  (mud (100-200 g/ton) 
fever ) , hexami- 
tiasis. 

Treatment of bac- Bacitracin  (Zn or M . D . )  
terial  swine  enter- (100 g/ton) 
itis. Carbadox 

(50. g/ton) 
Virginiamycin 
(100 g/ton  then 
50 g/ton) 
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TABLE I1 (CONTINUED) 

DRUG  SPECIES  USE  INDICATION  SUB.  DRUG  AND  DOSE 

Chlor t e t ra-  chicken 
cycline  and 

(10-50  g/ton) 
(CTC 1 turkeys 

Growth  promotion, Arsanilic  Acid  or 
feed  efficiency Arsanilate  Sodium 

(90 g/ton) 
Bambermycins 
(1-2 g/ton) 
Lincomycin 
(2-4 g/ton) 
Oleandomycin 
(1-2 g/ton) 
Tylosin 
(4-50 g/ton) 
Roxarsone 
(0.0025-0.005%) 
Bacitracin  (Zn  or M.D.) 
(4-50 g/ton) 
Erythromycin 
(4.6-18.5  g/ton) 

CTC  chickens 
(100-200 
g/ton) 

CTC 
(100-200  turkeys 
g/ton) 

CTC 
(100-200 swine 
g/ton) 

CTC  swine 
(10-50 
g/ton) 

Treatment of chronic  Bacitracin (M.D.) 
respiratory  disease,  (100-200  g/ton) 
bluecomb;  preven- 
tion  of  synovitis. 

Treatment  of  blue- 
comb,  infectious 
sinusitis,  hexami- 
tiasis;  prevention 
synovitis , 

Treatment  of  bac- 
terial  swine 
enteritis. 

Growth  promotion, 
feed  efficiency, 

(no  substitute  for 
synovitis) 

Tylosin 
(800 to 1000 g/ton) 
Bacitracin (M.D.) 
(100-200  g/ton) 
(no substitute  for  syno- 
vitis) 

Bacitracin (M.D.) 
(100 g/ton) 

Carbadox 
(10-25  g/ton) 
Bambermycins 
(2 g/ton) 
Erythromycin 
(9.25-64.75  g/ton) 
Bacitracin (M.D. or  Zn) 
(10-50 g/ton) 
Virginiamycin 
(10 g/ton) 
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TABLE I1 (CONTINUED) 

DRUG  SPECIES  USE  INDICATION  SUB.  DRUG  AND DOSE 

CTC  (con- 
tinued) 

g/ton) 
(10-50 

CTC 
(50-100 
g/ton) 

CTC 
(70 mg/ 
head/day ) 

CTC 
(70 mg/head/ 
day 1 

CTC 

head/day ) 
(70 mg/ 

CTC 
(0.5 mg/lb 
bwt/day) 

CTC 
(80 mg/head/ 
day 1 

Oxytetra- 
cycline 
(OTC) 
(100-200 
g/ton) 

swine 

swine 

cattle 

cattle 

cattle 

beef 
cattle  over 
1500 llb in 
wt 0 

sheep 

chickens 

Growth  promotion, Oleandomycin 
feed  efficiency . (5-11.25 g/ton) 

Tylosin 
(10-100 g/ton) 

Maintenance  of  Tylosin 
weight  gain  in  the (100 g/ton) 
presence  of  atrophic  (no  substitute  for 
rhinitis;  reduction  cervical  abscesses) 
of  incidence  of  cer- 
vical  abscesses o 

As an  aid  in  the  Bacitracin ( M . D . )  
reduction  of  con- (70 or 250 mg/head/day) 
demnation  of  livers  Tylosin 
due  to  liver  ab- (8-10 g/ton) 
scesses. 

Aid in  prevention Sulfaethoxypyridazine 
of  foot  rot. (25 mg/lb  bd.wt./day) 

Growth  promotion Bacitracin  (Zn) 
and  feed  efficiency. (35-70 mg/head/day) 

Monens in 
(5-30 g/ton) 

Control  of  active  No  approved  sub- 
infectious  anaplas-  stitute. 
mosis 

Aid in  reducing  No  approved  sub- 
the  incidence  of  stitute 
vibrionic  abortion 
in  breeding  sheep. 

As an  aid  in  the  Sulfadimethoxine 
prevention  of  fowl  plus  ormetoprim 
cholera. 

i 
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TABLE 11 (CONTINUED) 

DRUG SPECIES USE  INDICATIONS  SUB. DRUG AND DOSE 

OTC chickens  For   increased  Arsani l ic   Acid  or  
(10-50 g/ ton)   weight   gain,   Arsani la te  Sodium 

improved feed  (90  g/ton) 
e f f i c i ency .  Bac i t r ac in  (M.D. o r  Zn) 

(4-50 g/ton) 
Bambermycins 
(1-2 g / ton )  
Erythromycin 
(4.6-18.5 g / ton)  
Lincomycin 
(2-4 g / ton)  
Oleandomycin 
(1-2 g / ton)  
Tylosin 
(4-50 g/ton) 
Roxarsone 
(0.0025-0.005%) 

OTC swine 
(7.5-50 g / ton)  

Growth promotion,  Bacitracin (Zn o r  M.D.) 
feed   e f f ic iency .  (10-50 g / ton)  

Carbadox 
(10-25 g / ton)  
Erythromycin 
(9.25-64.75 g / ton)  
Bambermycins 
(1-2 g / ton)  
Oleandomycin 
(5-11.25 g/ton) 
Virginiamycin 
(10  g/ton) 
Tylosin 
(10-100 g / ton)  

OTC ca lves  Growth promotion,  Bacitracin  (Zn) 
(25-75 mg/ f eed   e f f i c i ency .  (35-70 mg/head/day) 
head/day ) 

OTC chickens  Prevention of b lue   Bac i t r ac in  (Zn o r  M.D.) 
(50-100 g/ ton)  comb. (50-100 g / ton)  

OTC chickens Control  of  infec- No approved  sub- 
(200  g/ton) and t i ous   synov i t i s .  s t i t u t e .  

turkeys 
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TABLE I1 (CONTINUED) 

SPECIES USE INDICATION SUB.DRUG , AND DOSE 

OTC chick'ens  Prevention of Bacitracin (Zn o r  M.D.) 
(100-200 chronic   resp i ra tory  (50-100 g/ ton)  
g/ ton)   disease.  

OTC ca t t le  As a n   a i d   i n  re- Bac i t r ac in  (M.D.) 
(75-80 %/ duction  of  the (70 o r  250 mg/head/day) 
head/day ) incidence of l i v e r  Tylosin 

abscesses. (8-10 g / ton)  

Oxytetracy-  chickens Prevention of Bac i t r ac in  (Zn o r  M.D.) 
c l i n e  d iseases   dur ing  (50-100 g/ ton)  
( 5 0  g/ton) periods of stress. 
p lus  As a n   a i d   i n   t h e  
Neomycin prevention of 
base* b a c t e r i a l   e n t e r i t i s  
(35-140 g/ ton)  and i n   t h e   c o n t r o l  of 

bluecomb (mud f e v e r  
or  non-specific 
e n t e r i t i s ) .  

*Neomycin u s e   l e v e l s  are expressed as grams of neomycin base  per  
ton  (70% neomycin s u l f a t e   l e v e l s ) .  For  example, 
base is e q u i v a l e n t   t o  200 g neomycin s u l f a t e .  

OTC chickens Prevention of com- 
(100-200 g/ton) p l i ca t ed   ch ron ic  
p l u s  Neomycin r e sp i r a to ry   d i sease  
base  (air-sac i n f e c t i o n )  
(35-140 g/ton) and c o n t r o l  of com- 

p l i c a t e d  CRD by 
lowering  mortal i ty  
and seve r i ty   du r ing  
outbreaks. As an 
a i d   i n   t h e   p r e -  
vention of  bac- 
ter ia l  e n t e r i t i s  
and i n   t h e   c o n t r o l  
of bluecomb (mud 

140 g neomycin 

Bac i t r ac in  (Zn o r  M.D.) 
(50-100 g/ ton)  
Tylosin 
(800-1000 g/ton) 
Erythromycin 
(92.5 g/ton) 

fever   or   non-specif ic  
e n t e r i t i s ) .  
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TABLE I1 (CONTINUED) 

DRUG SPECIES USE INDICATION SUB. DRUG AND DOSE 

OTC swine As a n   a i d   i n   t h e  Bac i t r ac in  (M.D.or Zn) 
(50 g/ ton)  prevention of (100 g / ton )  
p lus  bac te r i a l   en t e r -  ( e n t e r i t i s   o n l y )  
Neomycin itis, baby p ig  Carbadox 
(35-140 g/ ton)  d i a r rhea ,   v ib r i -  (50 g/ ton)  

onic  dysentery,  Tylosin  (for  dysen- 
bloody  dysentery, t e r y )  
and salmonel losis .  (100 then  40 g/ton)  

Virginiamycin 
(100 g / t o n   f o r  2 
weeks followed by 
50 g / ton )   ( fo r  
dysentery)  

OTC swine 
(100  g/ton) 
p lus  
Neomycin 
(70-140 g/ ton)  

OTC swine 
(50-150 g/ ton)  

Neomycin base 
(70-140 g/ton)  

p lus  

OTC ca lves  
(100 g/ton)  
p lus  
Neomycin base 
(70-140 g/ton)  

As a n   a i d   i n   t h e   B a c i t r a c i n  (M.D.or Zn) 
treatment of bac- (100 g / ton)  
t e r i a l  e n t e r i t i s .  

Aid i n   t h e  main- Tylosin 
tenance of weight (100 g / ton)  
gains and feed  
consumption i n   t h e  
presence of a t roph ic  
r h i n i t i s .  

Aid i n   t h e  treat- No approved  sub- 
ment of b a c t e r i a l   s t i t u t e .  
e n t e r i t i s   ( s c o u r s ) .  
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TABLE I1 (CONTINUED) 

DRUG SPECIES 

* 
CTC swine 
(100 g/ ton)  
p lus   Sul fa -  
methazine 
(100 g/ton)  and 
P e n i c i l l i n  
(from  procaine 
p e n i c i l l i n )  
(50 g/ ton)  

- o r  - 
CTC 
(100 g/ton) 
p l u s  
Su l f a th i azo le  
(100 g / ton)  
and P e n i c i l l i n  
(50 g/ ton)  

USE INDICATION SUB-DRUG AND DOSE 

Indiv idua l  claims See l i s t  under 
For i n c r e a s e   i n   p e n i c i l l i n  on 
rate of weight f i r s t  page of 
gain  and  improve-  table. 
ment of feed  
e f f i c i ency  . 
For c o n t r o l  of swine  Carbadox 
dysentery  (vibr ionic  (50 g / ton)  
dysentery,  bloody 
scours,  or  hemorrhagic 
dysentery) ;   cont ro l  
of bac te r ia l   swine  
e n t e r i t i s  (salmon- 
e l l o s i s   o r   n e c r o t i c  
en te r i t i s   caused  by 
Salmonel la   choleraesuis) ;  
i nc rease  rate of  weight 
gain  and  improved  feed 
e€ f ic iency  . 
Prevention of swine  Virginiamycin 
dysentery  (vibr i -  (100 then 50 g / ton)  
onic)  Tylosin 

(100 then 40 g/ ton)  
Maintaining  weight  Tylosin 
gains  and  feed (100 g / ton)  
e f f i c i e n c y   i n   t h e  
presence of a t r o p h i c  
r h i n i t i s  

Growth promotion See list under  peni- 
and f eed   e f f i c i ency  c i l l i n  on f i r s t  page 

of t ab le .  

Aid in   t he   p reven-  Bac i t r ac in  (Zn o r  M.D.) 
t i o n  of b a c t e r i a l  (100 g / ton)  
swine e n t e r i t i s  Carbadox 
(scours)  (50 g / ton )  

*Abbreviation AsP/’CSP 
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TABLE I1 (CONTINUED) 

DRUG SPECIES USE INDICATION SUB.DRUG AND DOSE 

ASP/CSP swine  For  the treat- Bac i t r ac in  
(continued) ment of bac te r -  (100 g/ ton)  

i a l  s w i n e   e n t e r i t i s  Carbadox 
(scours) (50 g/ton)  

For increase   in   Vi rg in iamycin  
rate of weight (10 g/ ton)  
gain  and  improve- 
ment of feed  
eff ic iency  f rom 
weaning t o  120 
l b s   ( s t a r t e r  and 
grower feeds   on ly)  

As an   a id   in   the   Vi rg in iamycin  
cont ro l  of swine  (25  g/ton) 
dysentery   in   swine  
up t o  120 lb.   For 
use i n  animals  or  on 
premises  with a 
h i s to ry  of swine 
dysentery,   but  where 
symptoms have  not  yet  
occurred. 

For treatment  and  Virginiamycin 
cont ro l  of swine (100 g / ton   then  
dysentery  (bloody 50 g/ ton)  
s cour s   o r  hemor- 
rhagic   dysentery)  
up t o  120 l b s .  

For treatment of  Virginiamycin 
swine  dysentery (100 g / ton )  
f o r  two weeks i n  
non-breeding  swine 
over  120  lb. 
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TABLE I1 (CONTINUED) 

DRUG : SPECIES USE INDICATIONS SUB.DRUG  AND  DOSE 

CTC c a t t l e  Aid i n   t h e  main- No approved  sub- 
(350 mg/head/ tenance  of  weight  stitute.  
day 1 gain i n  the  pres- 
plus  ence  of  respiratory 
Sulfamethazine  disease  such as 
(350 mg/head/ shipping  fever.  
day 
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3.2. Marketing Data 

United  States   product ion of an t ib io t ics   (exc luding   su l fonamides)  
t o t a l ed  20,549,000 111s (9,340,455 kg) f o r  a i l  human and  animal 
uses  i n  1974. Of t h i s ,  7,377,000 l b s  (3,353,182 kg) were pro- 
duced f o r   u s e   i n   a n i m a l   f e e d s  and other  non-medicinal  uses (U.S. 
Internat ional   Trade Commission, Synthetic  Organic  Chemicals,  1974), 
i.e,, t h i s   f r ac t ion   approx ima tes   t o t a l   sub the rapeu t i c   u se  of a n t i -  
b io t i c s   ( exc lud ing   su l fonamides )   i n   an ima l   f eeds   i n   t he  U.S. f o r  1974. 

No da ta  are a v a i l a b l e  which  descr ibe  the  port ion of the  subthera-  
peut ic   an t ibac ter ia l   marke t   cont ro l led  by each  drug  for   poul t ry   and 
ca t t l e .   Tab le  I11 shows the   pene t ra t ion  of the  medicated  swine  feed 
market by each  of  thlrteen  drugs.  Drugs con ta in ing   t e t r acyc l ines  
occupied  almost 57% of the  medicated  hog  feed  market i n  1976, Peni- 
c i l l i n  was p resen t ,   a lone   o r   i n   combina t ion   d rugs ,   i n   t he   f eed  of 
48.3% of the  hogs  receiving  subtherapeut ic   drugs.   Tylosin was 
used i n  28% of the  hogs  receiving  medicated  feeds  and was by f a r  
t he  ma jo r   compe t i to r   fo r   t e t r acyc l ines   and   pen ic i l l i n   i n   t h i s  
survey. 

Estimates of total   animal   market  sales are p r e s e n t e d   i n   t h e  
Economic Impact  Statements on p e n i c i l l i n  (Docket 77N-0230) and 
t e t r acyc l ines  (Docket 77N-0316) on f i l e   w i t h   t h e  FDA Hearing 
Clerk. An unknown quan t i ty  of a n t i b a c t e r i a l s   a c t i v e   a g a i n s t  
the  pathogenic  microorganisms of plants ,   and   reg is te red   wi th  
EPA as pes t i c ides ,  are a l s o  produced. 
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TABLE I11 

Use of  Antibacterials  in Swine Feed, April 1, 1976 

Antibacterial % of Hogs 

ASP/CSP 250 (CTC-Sulfonarnide-Pen) 
Tylan (Tylosin) 

(Tylan 20%) 
(w/Sulf a 8:%) 

Chlortet/Oxytet (CTC-OTC) 
Mecadox (Carbadox) 
PenStrep (Penicillin-Streptomycin) 
3-Nitro/AA (Ro:uarSone/Arsanilic  Acid) 
Neo-Terra  (Neomycin-OTC) 
Furazolidone 
Pen ic i l l in  
Bacitracin 
Neomycin 
Stafac  (Virginiamycin) 

40.0 
28.0 

11.0 
7.6 
6.2 
5.9 
5.7 
2.2 
1.9 
1.5 
1.2 
0.7 

Source: 1976 Feed Market Study, Doane Agricultural 
Services,  NADA 91-467 Virginiamycin EIAR, March 15, 1977, 
Smith Kline  Health  Products. 
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3.3.  Geographic  Distribution of Antibacterial  Use 
in  the  United  States 

Those  areas  of  the  United  States  where  the  largest  volume  of  sub- 
therapeutic  antibact,erials  are  most  used  generally  correspond  to 
the  distribution  census of  food  animals.  This  assumes  that 
subtherapeutic  antibacterials  are  used  with  the  same  frequency 
in  both  large  and  small  facilities  in  all  parts  of  the  country. 
Recognizing  the  limitations  of  this  assumption,  it  is  possible  to 
delineate  those  areas  of  the  country  which  would  be  most  likely 
exposed  to  residues  of  bioactive  drugs  excreted  by  target  animals. 
It  is  not  possible to,conclude  from  these  data  that  those  areas 
growing  the  most  animals  would  have  greater  problems  associated 
with  residues  excreted  into  the  environment-.  Environmental 
effects  due  to  toxicity  of  drug  residues  are a function  of  the 
concentration  of  residues  at a particular  site.  Concentration  of 
residues  present  is  dependent  on  waste  handling  procedures,  soil 
type,  climate,  and  the  environmental  stability  and  mobility of 
the  drugs  used  at  any  particular  animal-rearing  operation.  These 
latter  factors  are  addressed  in  Section 3 . 4 .  

The  distribution  of  the  hog  population  in  the  major  swine  pro- 
ducing  states  is  shown  in  the  table  below.  Swine  production 
takes  place  mostly  in  midwestern  states. 
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TABLE IV 

Hogs and  Pigs:   1nven. tory Numbers Breeding   and   Marke t   Tota l s ,  
December 1,  1975-76 (Major   Swine  Producing  States) .  

S t a t e  

Georgia  
Illinois 
I n d i a n a  
Iowa 
Kansas 
Kentucky 
Minnesota 
Missour i  
Nebraska 
N. C a r o l i n a  
Ohio 
S. Dakota 
Texas 
Wisconsin 

14 S t a t e  T o t a l  

Number 
1000 Head 

1600 
6400 
4000 
14200 
1850 
1080 
3600 
3750 
31 00 
1940 
19 00 
1500 
850 
1250 

47020 

The e n t i r e  1976 pig  crop  from  December 1975 t o  November 
1976 was 84.6 million head,  19%. more t h a n   t h e   p r e v i o u s  
year. Taken  f rom  Crop  Report ing  Board  Service USDA. 
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Data o n   p o u l t r y   p r o d u c t i o n   a n d   d i s t r i b u t i o n  are summarized 
below. It is a p p a r e n t   t h a t   b r o i l e r   c h i c k e n s  are r a i s e d  
p r i m a r i l y   i n   s o u t h e r n  states. Laying  hen  and  turkey  pro-  
d u c t i o n  are m o r e   e v e n l y   d i s t r i b u t e d .  

TABLE V 

1976 Data o n   P o u l t r y   P r o d u c t i o n  - Numbers  and  Location 

TYPE  POULTRY 

B r o i l e r   c h i c k s :  

NUMBERS 

3.3 b i l l i o n  

2.45 b i l l i o n  

0.48 b i l l i o n  

Laying  hens : 275.5 m i l l i o n  

160 .0   mi l l i on  

Turkey   pou l t s :   149 .0   mi l l i on  

99.5 m i l l i o n  

Sou the rn  states 
(Ala . ,  Ark.,  Fla., 
Ga., Miss., N.C., 
S.C.,Texas, Va.) 

Cal., Del., Md. 

O t h e r s  

Ind.,  Ark., Tex., 
Minn.,  Iowa,  Pa., 
Ga., C a l . ,  F l a .  

O t h e r s  

Minn., C a l . ,  N.C., Mo., Tex.,  Ohio 

GEOGRAPHIC 
LOCATION PERCENT 

O t h e r s  

From Hatchery  Product:on  1975-6,  Crop  Rept.  Board, USDA 

T h e   n a t i o n a l :   d i s t r i b u t i o n   o f  catt le and  calves by state 

100% 

74% 

14% 

12% 

100% 

58% 

42% 

100% 

66% 

34% 

is shown 
i n   t h e   f o l l o w i p g   t a b l e .   P r o d u c t i o n   c e n t e r s   i n   t h e   P l a i n s  area 
w i t h   s e c o n d a r y   c e n t e r s   i n   t h e  West and  South.  - 
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C a t t l e   a n d   C a l v e s :  Number by C l a s s  
J a n u a r y  I.  1976-77 

- ___ _L--- 

S'TEEBS nu1.I.s STEERS. III~LFERS AND 
STATE W O U N U ! ;  AND OVER 500 POUNUS AND OVFZ BULLS UNUEH 500 1,BS. 

1976  1977  1976  1977  19  76  1977 

ALA 
ALAS 
ARIZ 
ARK 
CALIF 
COLO 
W N N  
DEL 
FLA 
GA 

t l A W  

ILL. 
IDAHO 

IND 
IOWA 
UANS 
KY 

MAINE 
LA 

&W 

PLUS 
MICH 
MINN 

MO 
MISS 

MONT 
NEBR 
NEV 
NH 
NJ 

N HEX 
NY 
NC 
N DAK 
OHIO 

OREC 
OKLA 

PA 
XI 
sc 

5 DAK 
TENN 
TEX 
UTAH 
VT 
VA 
WASH 

WIS 
U VA 

WYO 

214 

500 
-4 

89 
1 L80 
705 

2 

151 
4 

160 

31 

807 
244 

37 8 
1575 
1830 
269 
53 
3 

51 

3 
302 
712 

667 
99 

165 
160 
49 
2 
7 

223 

2 
398 
166 

130 
825 

245 
0 
154 

405 

1950 
208 

112 
3 

21.4 
231 

350 
49 

106 

179 
.3 

105 
350 

1120 
712 

2 

148 
3 

186 

295 
33 

71 7 
340 

1599 
1824 
314 
54 
3 
53 

2 
287 
640 
101. 
664 

1250 
45 
2 
7 

165 
47 
63 

168 
405 
865 
158 
294 
0 
45 

187 

34 7 

1940 
228 

77 
3 

210 
21 7 

304 
47 

130 

1.0 
28 
74 
85 
60 
2 

99 
1 

68 

7 

68 
39 

33 
105 

93 
90 

61 

11 
3 

28 
2 

65 
82 

152 
95 

112 
17 
1 
3 

40 
34 

60 
36 

51 
130 
42 
47 
0 
24 

63 ~ 

99 

'470 
70 

19 
5 
33 

18 
28 

45 
50 

71 
1.0 
24 
75 
71 
49 
2 
1 

90 
62 

40 
7 

51 

92 
34 

89 
83 

56 
3 
10 

30 
2 

60 
80 
140 
90 

110 
16 
1 
3 

45 
28 
34 

45 
56 

113 
39 
51 
0 
24 

66 

460 
. 69 
18 
5 
33 
27 
18 
47 
47 

871 656 
2.0  1.6 
25 7 
666 

21 2 

1165 
715 

675 
1070 
636 

23 
5 

22 
6 

694 639 
692 674 

525 
63 58 

826 
525 

634 
774 
567 

1664 
2364 

1536 
2257 

982 
462 

858 
398 

82 
31  28 

83 

18 - 18 

1218 
408 410 

940 

1970 
796 

1911 
728 

1886 
865 775 

1670 
165  160 
16 
19 

16 
20 

509 
356 

426 

279 
332 

628 
281 

598 
592 

1955 
558 

1687 
379 402 
411 

3 
372 
2 

196 203 

1440 1267 
952 

41 90 
870 

248 
4490 

58 
235 
55 

29 7 
405 ' 444 

304 
117 119 

471 657 
928 lo51 

U.S. 17153  16935  2849  2668  34577  32388 

C r o p   R e p o r t i n g  Board, USDA, Feb 2,  1977 
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3 . 4 .  Physical,   Chemical,   and  Biological  Properties  of  Anti-  
b a c t e r i a l s  Used i n  Animal  Feed and the  Environmental 
Effects  Associated  with  Their Use 

When cons ider ing   ac t ions  which  would  remove products  from  the  market, 
i t  is important   to   examine  both  the  environmental   effects  of  removing 
cer ta in   chemicals  fr,om the  environment  and  replacing them with  sub- 
s t i tutes .   Therefore ,   one  needs  to  know about   the  environmental   effects  
assoc ia ted   wi th   the  1% of the  products   to   be removed and t h e i r  sub- 
s t i t u t e s  so  tha t :  (1) t h e   b e n e f i c i a l  and  adverse  impacts  that w i l l  occur 
as a r e s u l t  of the  actions  can  be  discussed;  and (2) the  environmental  
impacts of the   p roducts   to   be  removed can  be  compared  with  the  impacts of 
subs t i t u t e   p roduc t s .  

There are a number o:E physical ,   chemical   and  biological   propert ies  
t h a t  are usefu l   in   de te rmining   the   po ten t ia l   envi ronmenta l   impacts  of 
chemicals.  Table VI:[ summarizes t h i s   i n f o r m a t i o n   f o r   t h e   t e t r a c y c l i n e s ,  
p e n i c i l l i n ,  combinat:i.on drugs  and  substi tutes.   Table VI11 a t t empt s  t o  
in t eg ra t e   t hese   da t a  and predic t   the   envi ronmenta l   in t roduct ion ,   fa te  
and e f f e c t s  of  each  drug. 

Each property  and how it  is used in   p red ic t ing   envi ronmenta l  impacts 
is described below: 

Molecular  weight  and  chemical  formula  often are c l u e s   t o   t h e   u l t i m a t e  
degradation of a compound. For  example, low molecular  weight compounds 
composed of hydrogen,,  oxygen,  and  carbon  would  be  expected  to  be  degraded 
t o   b i o l o g i c a l l y   e s s e n t i a l  components f a i r l y   r a p i d l y  whereas  high  molecular 
weight,  higly  polymerized compounds  composed of t h e  same elements  (e.g., 
p l a s t i c s )  would  be  expected to   t ake   longer .  

Lipid/water  parti t ion- of a compound, as descr ibed by a p a r t i t i o n  
coeff ic ient   such as octanol/water,  is an i n d i c a t o r  of t h e   p o t e n t i a l   f o r  a 
compound to   c ros s   b io log ica l  membranes, t o  pene t r a t e  skin,   to   accumulate  
i n   f a t s ,  and t o  be  bi.oconcentrated by  exposed  organisms.  Higher  partition 
c o e f f i c i e n t s  mean t h a t   t h e r e  is a h igher   po ten t ia l   for   b ioaccumula t ion   to  
occur. High p a r t i t i o n   c o e f f i c i e n t s   a l s o   c o r r e l a t e   p o s i t i v e l y   w i t h  a 
compound's a f f i n i t y   f o r   t h e   o r g a n i c  components  of  sediments  and s o i l s .  

The source of t he  compound, t h a t  is, t h e  means by which the  compound is  
produced,  often  gives a c l u e   t o  its biodegradabi l i ty .   Product ion of an 
a n t i b a c t e r i a l  by a microorganism may be   i nd ica t ive  of i ts  na tura l   p resence  
i n   s o i l  and the  presence of hydroly t ic  enzymes in   the  environment   capable  
of  degrading  the  drug. Mechanisms for   b iodegrada t ion  of biological ly   pro-  
duc~ed  organic  substances  have  evolved  through t i m e ,  and t h e   n a t u r a l  
environment  usually  has some capac i ty   for   ass imi la t ing   modera te   inputs  of 
these  substances.-  
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Factors  such as s t a b l e  pH range,  conditions  for  hydrolysis,   and 
chemical  and  physical   inactivators,  may i n d i c a t e   t h e   f a t e  of a 
compound i n  t he  mamm.alian stomach  (where a low pH is o f t e n  pres- 
en t )   and ' the   po ten tLa1   for   degrada t ion  of t he  compound i n  animal 
wastes and s o i l .   h a c t i v a t i o n  by high  temperature ,   sunl ight ,  
and d i s so lu t ion  i n  weak a c i d   o r   a l k a l i  may a l s o   p l a y  a r o l e   i n  
the  degradat ion of environmental   residues,  

A drug's mechanism o f  ac t ion  and  microbial   spectrum  of   act ivi ty  
provide  information on i t s  p o t e n t i a l   f o r   a c t i n g  on a wide variety 
of microbial ,   plant,   and  higher  animal  populations.  Drugs ac t ing  
l a rge ly  on Gram-negative bac te r i a  may a f f e c t   t h e  many s o i l  microbes 
mineral iz ing  organic   ni t rogen,   oxidizing  and  reducing  sulfur ,   and 
fixing  atmospheric  nitrogen.  Gram-posit ive  spore-forming  bacteria 
are f r equen t ly   i so l a t ed   f rom  so i l s ,  where  they  break down organic  
matter. Drugs that  ;affect  Gram-positive  pathogens may a l s o  
a f f e c t   t h e s e   s o i l   b a c t e r i a .  

Acute   and  chronic   toxici ty   to  mammals, f i s h ,   i n v e r t e b r a t e s ,  and 
p lan ts   can   be   cor re la ted   wi th   exposure   da ta   to   de te rmine   the   po ten-  
t i a l  f o r   a d v e r s e   e f f e c t s  of drugs on these  populat ions.   I f   drugs 
are p r e s e n t   i n   s u f f i c i e n t   q u a n t i t i e s   i n   a n i m a l  wastes and a f t e r  
d i s t r i b u t i o n   i n   a g r i c u l t u r a l   s o i l ,   t h e y  may have  an  adverse  effect  
upon s o i l  organisms ;Ind aquatic  organisms  receiving  drug  residues 
in   su r f ace   runof f ,  

A l l e rgen ic i ty   gene ra l ly   r e f e r s   t o  human a l l e rg i c   r eac t ions ,   a l t hough  
i n  some cases t h e s e   e f f e c t s  have  been  reported in  domestic  animals.  
A l l  f o re ign   p ro t e ins ,  complex carbohydrates  and  substances  which com- 
b ine   wi th   p ro te in  are poten t ia l ly   a l le rgenic .   This   ca tegory   inc ludes  
a l l e rg i c   r eac t ions   r epor t ed  from  occupat ional   exposures   in   factor ies ,  
farms, among ve te r ina r i ans ,  and  from c l i n i c a l   a d m i n i s t r a t i o n   i n  humans. 

The frequency of d rug   r e s idues   above   s a fe   t o l e rance   l eve l s   i n  meat o r  
poul tW  ingested by Inan  may af fec t   the   f requency  of a l l e r g i c   o r   o t h e r  
t o x i c   e f f e c t s   i n  man and is a l s o   a n   i n d i c a t i o n  of  bioaccumulation  poten- 
t i a l  of the  drug.  Reports of unapproved  drug  residues i n  meat reflect 
not  only  subtherapeutic  feeding of drugs  without  observing  required  with- 
drawal   per iods,   but   a lso  therapeut ic   uses   and  environmental  bioaccumu- 
l a t i o n .  

From Table V I I ,  i t  can  be  seen  that  a l l  the  drugs  considered are  rela- 
t i v e l y  small organic  molecules  (molecular  weight less than lOOO), with 
the  possible   except ion of the  chemically  uncharacterized bambermycins. 
A l l  are composed of  carbon,  hydrogen,  nitrogen,  oxygen,  and  occasionally, . 

s u l f u r ,  which are b io log ica l ly   e s sen t i a l   e l emen t s .  The organic   arseni-  
cals contain  arsenic , ,  as well. Arsenic is not   genera l ly   cons idered   to  
be  an  essent ia l   e lement ,   but  i t  is biologically  transformed  and some- 
times bioaccumulated. All the  elements  have  global  biogeochemical 
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cycles  where  they are transformed  from  organic  or  inorganic com- 
pounds  and  back  again as the  elements move between b i o t i c  and 
a b i o t i c  components. Of these elements, only  the  inorganic   and 
organic   t ransformation  products  of a r sen ic  are n o t e d   f o r   t h e i r  
p o t e n t i a l   f o r   t o x i c   e f f e c t s .   M i n e r a l i z a t i o n  of the   o ther   d rugs  
l eads   t o   b io log ica l ly   r equ i r ed  elements; therefore,   one  need  only 
examine t h e   f a t e  of these  drugs as f a r  as t h e i r  breakdown i n t o  
common organic  molecules to be  assured  that   toxic   metabol ic  
products are not  formed. With the  except ions of the   o rganic  
arsenicals,   carbadox,  and  the  sulfonamides,  a l l  the  drugs examined 
are produced by microorganisms grown in   cu l tu re .   B io log ica l ly  
produced materials are usually  biodegradable,  eventually.  Chemical 
s t a b i l i t y   i n f o r m a t i o n   i n d f c a t e s   t h a t   a l l   t h e   d r u g s  would be a t  least 
temporar i ly   s tab le  when  aclded t o  s o i l  or t o   f e e d l o t  waste, however. 

Avai lab le   tox ic i ty   in format ion   ind ica tes   tha t  most of the  drugs 
are no t   pa r t i cu la r ly   t ox ic :   t o  mammals, b i rds ,   i nve r t eb ra t e s ,  or  
p lan ts .   Roxarsone ,   a rsan i l ic   ac id ,  and  monensin  have the   h ighes t  
t o x i c i t y   t o  mammals and b i r d s ,   r e l a t i v e   t o   t h e   o t h e r   d r u g s ,   w i t h  
o r a l   a c u t e   t o x i c i t y   t o   f i f t y   p e r c e n t  of t h e  test animals (LD ) 
occurring  around 100 mg/kg body weight .   Addi t ional ly ,   arsenic  50 

degrada t ion   products   f rom  the   o rganic   a rsen ica l   d rugs   have  some 
poten t ia l   for   b ioaccumula t ion  and t o x i c i t y   t o   p l a n t s .  On the  whole, 
however, tox ic i ty   da ta   a re   ex t remely   ske tchy   for  a l l  the  drugs  with 
r e f e r e n c e   t o  non-mammalian organisms present in   the  environment .  
Even fo r   bac t e r i a ,   t he   g roup  of organisms  which  the  drugs were 
selected  to   affect ,   usual ly   only  pathogens  and  col i forms  have  been 
sc reened   fo r   s ens i t i v i ty   t o   t he   d rugs .   Tox ic i ty  of the   d rugs   to  
b e n e f i c i a l  s o i l  b a c t e r i a  is largely  unpublished  (see Appendix A f o r  
d e t a i l s ) .  
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Table VI1. Physical. Bfological and Chemical Proprrtl'es 

Penicillin 
Procaine Streptomycin 

Sc1fat.e 

Formula 
C29H3BN406S C21H39N73H2S04 

Molecular weight 570.71 728.7 

Generic Class 

Common Synonyms 

Production 

Source 

Mech. of Action 

Microbial Spectrum 

Water Solubility 

Organic Solvent 
Solubility 

Lipid/Watcr 
Partit. Cud€. 

Stable pH range 

Hydrolysis 

lnactivators 

Stability at 
room temperature 

Penicillln 

Benzyl Penicillin 

Fermentation 

Penicillium 
chrysogenum 

Cell Wall 
Product ion 

Gram-positive 
Some Gram-neg. 

Soluble 

Soluble 

0.0096 
(C!1Cl3;H20) 

5-7.5 

Beta-lactamase 
amidase (enzyme) 

Acid. oxidizers 
alkali hydroxides 

Good in salt, 
poor  in solution 

Aminoglycoside 

Fermentation 

Streptomyces 
griseus 

Ribosome 
(Protein 
Production) 

Gram-negative 
Some Gram-positive 

Soluble 

Mod. Ins6luble 

1 

4- 7 

Acid 

Heat decompos. 

Good 

E-bsorption thru gut Good Poor 

Vertebrate 16,500 (Mice) 15,500-30,000 (Mice) 
Acute Xoxicity 
Oral LD5,,(mg/kg) 

Chronic Tox. 
Vertebrate Lou in man-only High (neurotoxic) 

high in guinea pig 

Invertebrate Tox. None ' Lou 

Phytotoxicity None . . Low 
Allergcnicity nigh Quite High 

Freq. of Hoat 
Residues 

Occasional Occaslonal 
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Table VII, cont. Physical, Biological and Chemical  Properties 

Chlortetracycline Oxytetracycline 

Formula 

Molecular weight 

Generic  Class 

Common Synonyms 

Production 

Source 

Mech. of Action 

C H C1N208 22 23 

478.88 

Tetracycline 

Aureomycin 

Fermentation 

Streptomyces 
aureofaciens 

Ribosome 
(Protein  Prod. ) 

C22'124N209 

460.44 

Tetracycline 

Terramycin 

Fermentation 

Streptomyces 
rimosus 

Ribosome 
(Protein Prod.) 

Microbial Spectrum Gram-Positive and Gram + and Gram - 
Gram-Nega t ive 

Water Solubility Mod. Soluble Soluble 

Organic Solvent 
Solubility Insoluble 

Lipid/Water (CHCI /H 0 )  
Partit.  Coeff.  .125J3 

Insoluble 

? 

Stable pll range 4-7 4-7 

Hydrolysis Acid  Acid 

lnactivators Alkali Alkali 
Heat Decompos. 

Stability at . Poor In  Crystals Stable 
room temperature Poor in Solution 

Absorption thru gut Good Good 

Vertebrate 
Acute Toxicity 
Oral LDS0 (mg/kg) 

Chronic Toxicity deposition in 
Vertebrate Abnormal calcium Abnormal calcium 

bones 6 teeth. 
deposition in  bone 
6 teeth. 

3350-4200 (Mice) 3600-4400 (Mice) 

Toxicity 
Invertebrate 

subfethal effects for subyetha1  effects 
70 pm' in fe d for 50-200 pm  in f d 

(rly) . (Fly) 

Phytotoxicity L o w  (oats) Low (oats) 

Allergenicity Low LOW 

Freq. of Meat Occasional Occasional 
Residues 
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Table VII, cont. Physical. Biological and Chemical Properties 

. 

Formula 

Molecular weight 

Generic  Class 

Common  Synonyms 

Production 

Source 

Mech. of Action 

.Microbial  Spectrum 

Water Solubility 

Organic Solvent 
Solubility 

LipidfWatsr 
Partit. Coeff 

Stable pH Range 

Hydrolysis 

Inactivators 

Stability at 
room teaperature . 

Neomycin Sulfate 

C23B4#6013.3112S04 

90R.91 

Aminoglycoside 

Framyceton 

Fermentation 

- Streptomyces 
f radiae 

Ribosome (Protein 
Prod. ) 

Gram + and Gram - 
Soluble 

Insoluble 
(CHC13) 

1 

2- 9 

Weak Acid 

Heat ( 2 5 % )  
llca,vy metals 

Good 

Sulfathiazole SufamethazLne 

CgHgN302S2 C12H14N402S2S 
255.32 278.32 

Sulf  onarnide Sulfonamide 

- - 
Organic Organic 
Synthesis Synthesis 

- - 

Folic Acid 
Synthesis 

Folic Acid 
Synthesis 

Gram + and Gram - Gram + and Gram - 
Soluble Soluble 

Insoluble Insoluble 
(CHC13) (Octanol) 

0.40 (isopentyl- 3.17 (isopentylac/H20) 
acet/H20) 0.93 (octanol/H20) 

? 5. 

? ? 

Para-amino Para-amino 
benzoic acid benzoic acid 

? ? 

Absorption thru gut Poor Good Good 

Vertebrate 
Acute Toxicity 
Oral LDso (Dgfkg) 

Chronic Toxicity 
Vertebrate 

Invertebrate 
Toxicity 

rl~ytot.ox;city 

Allergrnicity 

Freq. of Meat 
Residues 

2800 (Rat) 
14000-14500 (Mouse) 1900 (Mouse) 

? ’  

Kidney,  Ear,Neural 18 mE/kg, 90 day 6 mgfkg. 90 day 
(Man,  Cat. Rabbit, min. effect level min. effect level 
Guinea pig) ~ (rats, dogs) (rats, dogs) 

100-500  ppm  in feed ? 
for sublethal effects 

? 

(Fly ) 

? ? ? 

Quite High Quite High Quite High 

Occastonal Frequent Frequent 

. .  
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Table VII. cont. Ph:fsical. Biological and Chemical Properties of Substitutes 

Carbadox Lincomycin Bambermycins 

Formula C18H34N206S Not fully characterized 
mixture 

Molecular weight 

Generic Class 

Common  Synonyms 

262.23 

Quinoxaline 

Mecadox 

406.56 As above 

Lincosamidc Flavophospholipol 

Flavoaycin, Uoeno- 
LUyCil? 

. . .  
Production Chemical 

Synthesis 

-- 
Fermentation Fermentation 

Source Streptomyces Streptomyces 
lincolnensis bamberriensis, 

others 

Mech. of Action Interferes with 
DNA Synthesis 

Gram-negative, 
Gram-pos. cocci 

Insoluble 

Soluble 

Ribosome Cell Wall 

Microbial Spectrum Gram-positive. Gram-positive, 
some GramLneg. some Gram-neg. 

Water Solubility 

Organic Solvent 
solubility 

LipidIWater 
Partit.  Coeff. 

Stable pH Range 

Hydrolysis 

Inactivators 

Stability at 
room temperature 

Soluble Soluble 

Sparingly 
Soluble 

Insoluble 

High ? LOV 

? 

Acid 

Sunlight 

? 

less than 7 about 7 

? ? 

Acid Acid and Alkali 

HCl  Salt good Good if dry 
Aqueous Sol'n 
good 

Absorption thru gut 

Vertebrate 
Acute Toxicity 
Oral m50 (mg/kg) 

Vertebrate 
Chronic Toxicity 

Invertebrate 
Toxicity 

Phytotoxicity 

Some Good. None 

Not toxic to guppy 15811 (rats) less than 2000 
(fish) at 30 ppm 17690 (chicken) (mouse) 

Lovering VBC  in Sloughing of 
chickens . . human gut 

none 

Not toxic to daphnia ? 
at 30 ppm . 
Not  toxic to ? 
Chlorella (alga) 
at 30 ppn 

? Rare 

None permitted None 

None 

Allergenicity 

Freq. of Meat 
Residues 

? 

None 

. .., ' .  
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Table VII, cont.  Physical, Biological and Chemical  Properties of Substitutes 

Monensin Erytlrromycin Oleandomycin 

Formula 

Molecular veight 

Generic Class 

Common Synonyms 

Production 

Source 

Mech. of Action 

Microbial  Spectrus 

Water Solubility 

Organic Solvent 
Solubility 

Lipid/Water 
Partit.  Coeff. 

Stable pH Range 

Hydrolysis 

Inactivators 

Stability at . 
room temperature 

Absorption thru guc 

Vertebrate - 
Acute Toxicfty 
Oral LDS0 (mg/l:g) 

Vertebrate 
Chronic Toxicity 

Toxicity 
Invertebrate 

Phytotoxicity 

Allergenicity 

Freq. of Meat 
Residues 

C36H62011 . C37H67N013 C35H61N012 

670.90  733.92  687.89 

Polyether ionophore Macrolide  Macrolide 

Coban -- - 
Ffermentation Fermentation Fermentation 

Streptomyces - Streptomyces Streptomyces 
!:innamonensis erythreus  antibioticus 

Cationic permeabil. Ribosome 
of cell membrane 

Ribosome 

Gram + bacteria, Gram +, 
coccidia 

Cram +. 
some  Gram - some Cram - 

Slightly soluble Slightly soluble Mod. soluble 

Soluble Soluble Insoluble 

? Chloroform/ ? 
8 0) 
1.2578 X lo8 

2 5-9 6 7  

? 7 ? 

' 2  . less than pH4 ? 

In alkali t ? 

Lov 40% Incomplete 

43-125 (mouse) 6000 (mouse) ? 
84-200 (chicken) 

toxic (horse) 
10-20 (dog) 

200 ppm (dogs) 

Excr ta fr m 'me i- ? 
cates catty, ani 
broilers nontoxic 

horseflies 
t o  earchworms and 

100 ppm  (rets) L O W  

Nontoxic to 14 

time ? 

Occasional 

species 
? 

Rare 

Rare 

LOW 

? 

? 

Rare 

? 
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Table VII, cont. Physical, Biological and Chemical  Properties  of Substitutes 

Bacitracin Tylosin - Virginiamycin 

Formula C66H103N17016S C46H77N017 :i c43,,49N7010 C H N O  
2a  33  3  7 

Molecular weight 141.1 916.14 ? 

Generic Class Polypeptide Macrolide Depsipeptide 
Mixture 

Common Synonyms - Tylan Stafac 

Production Fermentation Fermentation Fermentation 

Source ~~ Bacillus subtilis Streptomyces Streptomyces 
virginiae f radiae 

Hech. of Action Cell Wall Ribosome Ribosome 

Microbial Spectrum Gram + bacteria, Mostly Gram + Mostly Gram + bac- 
Gram - cocci organisms 

mycobacteria) 
ceria. (grau- cocci, 

Water Solsbility Soluble 

Ozganlc Polvect Snsolubla 
Solubility 

Lipid/Uater 1 
Partit.  Coeff. 

Hod. soluble Mod. soluble; com- 
ponents insoluble 

Soluble -Soluble 

? High 

Stable pH Range 1-9  4-9 6-8 

tlydrolysis 

Inactivators 

Stability at 
room temperature - 
Absorption thru gut 

P.cute Toxicity 
Vertebrate 

Oral LD50 (mg/kg) 

Vertebrate 
Chrouic Toxicity 

? 

Alkali. heavy 
metals 

Stable,dry. 
deter.in tt 0, 
alkali.hea$ 

None 

3375 (mouse) 
!i200 (rabbit ) 

LOW 

Toxicity 
Invertebrate :Low ? 

Phytotoxicity None 

Allergenicity ].OW 

Freq.  of  Meat None 
Residues 

Hild acid 
breakdown 

Heat, alkali, 
acid 

Good-dry or 
aqueous 

Good 

5000 (mouse) 

2122 (chicken) 
6200 (rat) 

7800 (dog) 
None 

Alkali 

Mild alkali sol'n 

Poor 

Poor 

1500 (mouse) 

None 

Low ? 1 %  

None ? 

Quite high ? 

None None 

i 
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Table VII.  cont.  Physical. Biological and Chemical Prop?rties 

Arsanilic Acid Hoxarsone 

Formula 

Molecular weight 

Generic Class 

Common Synonyms 

Source 

Hech.of Action 

Microbial Spectrum 

Water Solubility 

Organic Solvent 
Solubility 

Lipidhater 
Partit.  Coeff. 

Stable pH range 

Hydrolysis 

Inactivators 

Stability at 
room temperature - 
Absorption thru gut  

Vertebrate 
Acute Toxicity 
Oral LOso (mg/kg) 

Chronic Toxicity 
Vertebrate 

(levels where effects 
were noted) 

Toxicity 
Invertebrate 

Pllytotuxicity 

Allergenicity 

Freq. of Meat 
Hcsidues 

C6lI8AsNO3 . C61i6AsN06 

217.04 263.03 

Organic arsenical Organic arsenical 

p-aminobenzene 
arsonic acid 

Chenical synthesis Chemical  synthesis 

3-nitro-&-hydroxyl- 
arsonic acid 

Protein and enzvme Protein and enzvme 
inactivation? 

Broad? 

Slightly soluble- 
soluble 

Chloroform, benzene. 
ether, acetone-insoluble 

? 

7 

? 

Mjcrobial degradation 

Stable? 

Poor 

>400 (rats) 
>10 (dogs) 

400 ppm feel (dogs: 
100 ppn feed (turkeys) 
1000 ppm feed [chickens) 

? 

Possible from inorganic 
transformlion products 

? 

? 

inactivation? 

Broad? 

Slightly soluble- 
soluble 

Acetone, methanol. 
acetic add, ethar- 
insoluble 

? 

1 

? 

Microbial  degradation 

Stable? 

Poor 

155 (rats) 
110-123 (chickens) 

>lo00 ppm feed (dogs) 
500 ppm feed (chickens) 

? 

Possible  from  inorganic 
traniormation products 

7 

? 



-49- . 
Table VI11 attempts  to  integrate  the  above  data  on  the  physical, 
chemical,  and  biological  properties  of  each  drug  with  its  pattern 
of  environmental  introduction  and  fate  in  order  to  determine  the 
probable  environmental  effects  associated  with  the  use  of  each  drug 
in  animals.  Usually,  environmental  effects  are  estimated  from 
various  pieces  of  data,  rather  than  from a single  study  that  system- 
atically  investigated  the  environmental  impacts  associated  with  the 
use of a particular  drug.  These  latter  types  of  studies  are  needed, 
but  are  generally  lacking,  for  veterinary  and  human  drugs.  Therefore, 
while  the  projected  effects  presented  below  are  subject  to  different 
interpretations  of  available  data  or  new  data,  they  represent  the 
Agency's  best  estimate  of  the  environmental  effects  associated  with 
the  use  of  the  individual  drugs.  Synergistic  environmental  effects 
due  to  combinations  of  excreted  drug  residues  are  likely,  but  they 
have  not  been  considered clue  to the  total  absence  of  toxicological 
data  in  this  area  and  the  many  combinations of drug  residues  in  the 
environment  that  are  possible. 

The  following  paragraphs  dlescribe  the  codes  used  and  the  importance 
of data  on  environmental  introduction,  fate,  and  effects  summarized 
in  Table VIII. 

1ntroduc:tion  into  the  Environment 

The  actual  quantities  and  concentrations  of  drugs  and  drug-resistant 
bacteria  excreted  into  the:  environment  by  target  animals  cannot  be 
determined  with  any  reliability  for  most  drugs.  In  lieu of imprecise 
calculations,  the  percent  oral  dose  excreted in bioactive  form by tar- 
get  animals  and  the  occurrence  of  target  animal  excretion  of  bacteria 
with  plasmid  and  chromosomal  drug  resistance  are  reported. 

% Oral  Dose  Excreted - Bioactive  forms  plus  metabolites  easily 
converted  back  to  the  parent  compound  are  included. 

"N/A" - There  are  no  indicated  uses  for  this  drug  for 
this  particular  target  animal. 

Resistant  Bqcteria  Excreted - Plasmid-mediated  drug  resistance  in  Gram- 
positive ( G '  ), Gram-negative (G-) and  chromosomal  drug  resistance 
categories  are  included. 

11-11 - Reduces  excretion  of  resistant  bacteria 
- Bacteria  resistant  to  this  drug  are  not  known  to 

- Bacteria  resistant  to  this  drug  occur  infrequently 
- Bacteria  resistant  to  this  drug  occur  frequently 

1 1 0 1 1  

occur 

II*" 
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F a t e   i n  Environment 

Environmental  Half-Life --- Time r equ i r ed   fo r   ha l f   t he  material 
t o  b e   i n a c t i v a t e d   i n   e x c r e t a ,   s o i l ,  or water is g iven   i n   days .  

11 7 11 - Indica tes   tha t   th i s   va lue   has   been   based   on  
i n d i r e c t   d a t a   r a t h e r   t h a n  a s p e c i f i c  test of s t a b i l i t y   i n   e n v i -  
ronmental   condi t ions.   Indirect   data   used  to  estimate environ- 
men ta l   ha l f - l i f e   i nc lude   chemica l   s t ruc tu re ,   s t ab i l i t y  of 
aqueous  preparations of th l e  d rug ,   s tab le  pH range,  whether 
the  drug was produced by fermentation  or  chemical  syn- 
thes i s .  

So i l   mob i l i t y  is an   i nd ica t ion  of t h e   p o t e n t i a l   f o r   t h e   d r u g   t o  
move through s o i l s   i n t o  ground water or  surface  run-off.  

"0" - Not mobile 
l I+ l l  

l l + p  - Temporarily o r   p a r t i a l l y   a d s o r b e d   t o  and  sub- 
- Adsorbed s t r o n g l y   t o  some s o i l s   b u t   n o t   o t h e r s  

sequent ly   re leased   in   b ioac t ive   form  f rom most 
s o i l   t y p e s  

"-11 - Not adsorbed,  freely  mobile 

Bioaccumulation  Potential  a-- If the  drug is known t o   c o n c e n t r a t e  
i n   s p e c i f i c   t i s s u e s ,   t h e s e   t i s s u e s  are l isted.   Bioaccumulation 
p o t e n t i a l  was e s t ima ted ,   i n  those cases where  no s p e c i f i c   s t u d i e s  
were performed,  from  indirect   data which include  metabolism  and 
exc re t ion   da t a   fo r   t a rge t   an ima l s ,  water and organic   so lvent  
s o l u b i l i t y ,  and  environmental  half-life. 

"Low" - Short-term  and  long-term  bioaccumulation  judged 
t o  be h igh ly   un l ike ly  

'%lad" - short-term  bioconcentration  in  individual  organisms 
a possibil.ity  but  long-term  bioaccumulation  includ- 
ing  t ransfer   through  food webs un l ike ly  

"High" - Long-term bioaccumulation of compound wi th   t r ans fe r  
through  food webs l i k e l y  

E f f e c t s  Upon Environment 

This   sec t ion   a t tempts   to   ident i fy   envi ronmenta l   e f fec ts   tha t  are 
a s soc ia t ed   w i th   t he   u se  and  subsequent  introduction of these  drugs 
through  target  animals  into  the  environment.  When d i r e c t   s t u d i e s  
are n o t   a v a i l a b l e ,   e f f e c t s  are determined  from  consideration of 
q u a n t i t i e s  of drug  res idues  introduced  into  the  environment ,   the  
f a t e  of t h e s e   r e s i d u e s   i n  vinrious  environmenral  compartments,  and 
physical,  chemical,  and,tox:Lcological  data  presented i n  Table VII. 
The envi ronmenta l   e f fec ts   assoc ia ted   wi th   the   wi thdrawal   o f   cer ta in  
uses  of  the  drugs w i l l  be  addressed in Sect ion  4. 



-5 1- . 

Soil  and  Fecal  Bacteria  Growth  Inhibition -- Conclusions  are  based 
on  direct  studies  (where  possible),  excretion  data,  environmental 
half-life,  spectrum  of  ant:imicrobial  activity,  and  bioaccumulation 
potential.  Can  the  drug  be  excreted  in  quantities  sufficient  to 
affect  species  composition  and  growth of bacteria  in  feedlot  wastes 
and  soils? 

11711 - Not  enoug;h  data  available  to  make  an  estimate 
"0 )* - Effects  on  bacteria  in  soil  and  feedlot  wastes 

ll+O - Effects  possible  but  not  demonstrated 
It*" - Effects  demonstrated  or  highly  likely  but  not 

highly  unlikely 

irreversible  or  long-term (i.e. effects  persist 
less  than 1 year) 

equal  to 1 year)  effects  highly  likely 
"+H" - Irreversible  or  long-term  (greater  than  or 

Algal  and  Phytotoxicity --- Can  the  drug  be  excreted  and  transferred 
to  environmental  compartments  in  quantities  sufficient  to  be  toxic 
to  algae  or  higher  plants? 

11 7 11 - Not  enough  data  available  to  make  an  estimate 

- Effects  possible  but  not  demonstrated - Effects  demonstrated or highly  likely  but  not 

11011 - Effects  highly  unlikely 
11+11 

ll*" 

irreversible  or  long-term (i.e. effects  persist  no 
longer  than 1 year) 
Irreversible  or  long-term  (greater  than  or  equal 
to 1 year)  effects  highly  likely 

ll*" - 

Fish  Toxicity -- Based  on  drug  toxicity  studies,  introduction  and  fate, 
what  is  the  likelihood  for  the  drug to adversely  affect  the  survival of 
fish  in  streams  and  ponds  receiving  farm  effuents? - same  code  as  for 
algal  and  phytotoxicity. 

Mammalian  Toxicity -- Based  on  drug  toxicity  data,  introduction  and  fate, 
what is the  likelihood  for  the  drug to be  present  in  sufficient  concentra- 
tions  to  result  in  toxic  effects  in  exposed  mammals?  Same  code  as  for 
algal  and  phytotoxicity  plus: 

.. . . .  . . ,  .. 

"C" - Carcinogen 

"C 1 )  - Suspect  c.arcinogen 
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Selection  for  DruP-Resistant Non-Enteric Bacteria -- Is the  drug  excreted 
in  sufficient  quantities amd persistent  enough  to  select  for  drug  resistance 
in  non-enteric  bacteria  present  in  the  environment? 

I1 ? I t  

"0" 
ll+ll - Effect  possible but  not demonstrated 
"*It - Effect  demonstrated 

- Not enough  data  to  make  an  estimate - Effect  highly unl ike ly  



-53- 

+ 

0 

0 

0 
E. 

* 

+ + 

0 

0 

0 

E. + 

a 
2 

I 
0 
c. 
N 

+ 

* 
C. 

0 
h 

CC. 
0 
v) 

\ 
-4 
z 

a) 

I O  
rl 

l u N  

44 
w l u  
3s m u  

+ 

0 

0 

0 

+ 

a 
2 

I 
0 
N 

V 

+ 

* 
C. 

v) 
h 

C. 

v) 
0 

-4 
1 z 

a) 
C 

I N  
v-4 

lulu 
w s  
dJJ  
3a) m a  

+ 

0 

c. 

E. 

E. 

4 

+ 

c. 

+ 

* 
+ 

c. 
v) m 

c. 
v) 

o\ 

C. 

C 
4 
0 

E? 
0 

z a) 

+ 

+ 

E. 

+ 
\ 
0 

+ 

a 
2 
+ 

C. 
h 

+ 

* 
+ 

m E. 

00 

1 
-4 
2; 

0 
0 
4 

E. 

I 
U 
0 

ac 
a)r 

m E  
3 ;  

0 

0 

E. 
0 

* c 

* 
N 
0 

A 

+ 

* 
+ 

0 
v) 
I 
0 e 

* 
0 
N 

A 

+ 

* 
+ 

lu 
C 
u: cn 

CC. 
v) 
h 

v) 
h 

C. 
0 
v) 

E. 
0 
v) 

-4J c la )  
a)-c 



c 
I 

I I O  

-54- 

+ 

0 

h 

0 

+ 

CC. 

+ 

CC. 

+ 

0 

+ 
h 
9 
I m 

N 

0 
4 

N 
I 

m 

9 
r- 

I co cv 

Ti 
d 
m 
0 

7 4  
h 
l4 

o + o  

v o o  

O h h  

o c - 0  
C. 

c- 

c- 

C. 

h 

c- 

0 

0 

0 
CC. 

4 
z \ 

\ 
4 
z 

X 
a 0 

P 
cd 
&4 a 
V 

+ 

C. + 
0 
N 

I 

0 

\ 
4 
a 

0 m 



n 

m 
M 

&I 
El 

- 1  

-55- 

+ 
\ 
0 

+ 

c- 

0 

$ 
\ + 

a s 
3 
J 
0 

+ 
0 
h 

0 
I 
4 

+ 

0 

0 

1 
4 
z 

h 
vl 

rr) 
vl 

C 
7) 
m 
al 
C 

C 

3 

+ 

c- 
\ 
c) 

+ 
E. 

+ 

+ 

a s 
g 
J 

+ 
m 
rJ 
d 

\o 
I 
4 
4 

+ 

+ 
+ 

vl 

\ 
4 
z 

m m 

c) 

rl 
d 

4 

. 
C 
d 
w 
H 
C 

0 
0 
d 

4 
\ z 

0 
0 
4 

m 
V 
4 

+ 

cu 
\ 
0 
+ 
E. 

+ 

+ 

a s 
g 
4 

E. + 

CC. 

+ 

+ 
+ 

CC. 

\ 
4 
z 

0 
QI 

. 

. ... . . ._. 



. 
-56- 

Review of Table V I 1 1  shows many areas where t h e r e  are not enough 
d a t a   t o  make a reasonable estimate, especial ly   with  regard t o  f a t e  
and e f f e c t s  of  environmental  drug  residues. It can  be seen, how- 
ever ,   that   te t racycl ines;   the   combinat ion  drugs,   sulfonamides,  
neomycin,   and  s t reptomycin;   and  the  subst i tute   drugs,   baci t racin,  
tylosin,   l incomycin,  bambermycins,  monensin  and the   o rganic  arseni- 
cals are excreted as b ioac t ive   pa ren t   o r   me tabo l i t e s   i n   l a rge  
quan t i t i e s .  Of those  drugs  which  have  high  excretion rates, tetra- 
cyclines,   sulfonamides,   bacitracin,   l incomycin  and bambermycins are 
h a l f - i n a c t i v a t e d   i n  less t.han a month. Monensin h a l f - l i f e   v a r i e s  
up t o  70 days.   Arsani l ic   acid is ha l f - inac t iva t ed   i n   abou t  4 months 
but   the  arsenic from  both  arsani l ic   acid  and  roxarsone  cont inues 
to   have   b ioac t ive   po ten t ia l   indef in i te ly .   Envi ronmenta l   ha l f - l i fe  
f o r   t h e   o t h e r   d r u g s  is not   ava i lab le .  

Based on these   i n t roduc t ion  and pe r s i s t ence   da t a  and the  spectrum 
of an t imic rob ia l   ac t iv i ty   fo r   t he   i nd iv idua l   d rugs  (Appendix  A),  one 
can  conclude  that   te t racyc. l ines ,   sulfonamides,   baci t racin,   l incomycin,  
bambermycins,  and  monensin.  have ei ther   proven  or   have a s t r o n g   p o t e n t i a l  
for   adverse ly   a f fec t ing   bac te r ia   respons ib le   for   degrading   and   s tab i l i -  
zing  animal wastes. This   has   been  demonstrated  for   chlor te t racycl ine 
(Elmund e t  a l ,  1971).  The other  drugs,  as shown by d a t a  in Appendix A, 
would be  excreted i n  amounts  above  the  minimal  inhibitory level  f o r  most 
s o i l  and f eca l   bac t e r i a .   Th i s  is t rue   espec ia l ly   where   f resh  waste con- 
ta in ing   drug   res idues  are per iodical ly   added,  as i n   f e e d l o t s ,  compost 
p i l e s ,  and  animal waste treatment lagoons. The bac ter ia l   spec t rum of 
ac t iv i ty   and /o r   exc re t ion  rate for  tylosin,   streptomycin,   oleandomycin,  
erythromycin,   and  the  organic  arsenicals  are less well known, but   the 
p o t e n t i a l   f o r  similar e f f e c t s  on s o i l   b a c t e r i a   a l s o   e x i s t s .  

While da ta  are incomplete  regarding  the  toxicity of the  drugs  to  
terrestrial plants   and  a lgae,   the   organic   arsenicals   appear   to  
have   t he   h ighes t   po ten t i a l   fo r   adve r se   e f f ec t s ,   due   t o   t he   ab i l i t y  
of pentavalent   arsenate   (a   degradat ion  product)   to   bioaccumulate  
i n   p l a n t s  and interfere   with  the  phosphorus  metabol ism  (see 
Appendix  A). 

Of the   d rugs   cons idered ,   acu te   f i sh   tox ic i ty   da ta  were ava i l ab le  
only   for   the   t e t racyc l ines ,   su l famethaz ine ,  and  carbadox.  These 
drugs are no t   acu te ly   t ox ic   t o   f i sh   i n   concen t r a t ions   a round  10 
ppm i n  water. Concentrations of these   d rugs   in   sur face  waters 
above 10 ppm a re   no t   l i ke ly   t o   occu r  on a f r equen t   bas i s  as a 
r e s u l t  of   runoff   f rom  feedlots   and  agr icul tural   soi ls   or   eff luent  
from  animal waste treatment  systems. 
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Monensin,  roxarsone,  and  arsanilic  acid  are  the  most  acutely 
toxic  to  mammals  and  birds  of  the  drugs  considered,  with  oral 
LD50’~ ranging  around 100 mgjkg  body  weight.  These  drugs  are 
also  largely  excreted  by  target  animals  as  bioactive  residues. 
It is unlikely  that  mammals  and  birds  could  consume  acutely  toxic 
doses  of  these  residues  from  excreta. An exception  might  be 
when  animal  wastes  containing  roxarsone,  arsanilic  acid,  or 
monensin  were  recycled  into  feed  for  animals  with  low  arsenic  or 
monensin  tolerance,  such  as  cattle  and  horses,  respectively. 
Chronic  effects  are  also a possibility,  since  these  typically 
occur  at  levels  much  below  concentrations  where  acute  toxicity 
is  observed. 

Inorganic  arsenic  in  high  concentrations  has  been  associated 
with  cancer in occupationally  and  environmentally  exposed 
humans.  The  arsenic  degradation  products  from  roxarsone  and 
arsanilic  acid  would  therefore,  also  be  suspect  carcinogens. 
Carbadox is a carcinogen but poses  less  environmental  risk 
since  the  compound is excrleted  in  very  low  quantities,  according 
to  the  limited  data  availa’ble. 
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SECTION 4 .  REGULATORY  ALTERNATIVES 

The  preceding  sections  discuss: (1) the  major  animal  and  human 
health  problems  associated  with  the  subtherapeutic  animal  use  of 
some  antibacterial  drugs; (2)  the  current  approved  claims,  market 
and  geographical  use  patterns  for  these  drugs  and  their  substitutes; 
and (3) the  level  of  environmental  hazard  posed  by  animal  use  of 
these  drugs,  drugs  used  in  combination  with  them,  and  substitute 
drugs.  This  section  considers  the  various  regulatory  alternatives 
which  may  be  employed to deal  with  the  problem  and  the  environmental 
impacts  associated  with  each.  The  section  is  divided  into  the  fol- 
lowing  parts: 

4.1. Animal  and  human  health  factors  considered in formulating 
regulatory  alternatives; 

. 

4.2. Factors  to  be  considered  in  determining  the  environmental 
impact  of  regulatory  alternatives; 

4.3. Proposed  actions,,  including  discussion  of  the  impact  on 
those  aspects  of  the  animal  and  human  health  problems 
described  in  Section 2 and  the  beneficial  and  adverse 
changes  that  might  result  in  the  environment; 

4 . 4 .  Other  regulatory  alternatives  considered,  including  brief 
discussion of alternatives  not  considered  to  be  feasible 
by  the  Agency,  and  more  detailed  discussion  of  "No  Action" 
and  viable  alternatives; 

4.5. Risk/Benefit  analysis; 

4.6. Comparison of regulatory  alternatives  and  selection of 
the  preferred  course  of  action  from  the  standpoints  of 
effectively  dealing  with  the  animal  and  human  health 
problems  and  with  environmental  impact; 

4.7. Supplemental  actions  which  might  maximize  the  effect  of 
any  selected  course  of  action. 

The  regulatory  alternatives  considered  are  designed  to  address  the 
animal  and  human  health  problems  associated  with  the  use  of  anti- 
bacterials  in  animal  feeds.  It  is  recognized  that  the  same  drugs 
are  also  used  therapeutically  in  animals,  in  human  medicine,  and  at 
least  two  drugs,  oxytetracycline  and  streptomycin,  are  registered  as 
pesticides  with  the  Environmental  Protection  Agency (40 CFR  180.337 
and 40 CFR 180.245).  All  these  uses  result  in  antibacterial  residues 
entering  the  environment;  and  may  contribute  to  the  proliferation  of 
drug-resistant  bacteria  in  the  human  environment.  Further  actions 
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outside  veterinary  subtherapeutic  use  of  antibacterials  which  the 
Agency  might  pursue  are  discussed in Section 4.7., "Supplemental 
Actions  Which  Might  Maximize  the  Impact  of  Any  Selected  Course  of 
Action."  Since  these  supplemental  actions  can  be  considered  regard- 
less  of  the  regulatory  alternative  chosen,  they  are  not  weighed  in 
the  choice  of  a  preferred  alternative  (Section 4 . 6 . ) .  

It is  also  recognized  that  the  Bureau  of  Veterinary  Medicine  may 
subsequently  find  other  antibacterial  drugs  to  pose  a  level  of 
hazard  similar  to  that  found  for  penicillin  and  tetracyclines  as 
they  are  used  subtherapeutically in animal  feeds.  This  Environ- 
mental  Impact  Statement  will  be  supplemented if a  determination  is 
made  to  propose  the  removal  or  limitation  of  uses  of  other  antibac- 
terials in order  to  address  the  problem  described  in  Section 2. 

4.1. Animal  and  Human  Health  Factors  Considered  in  Formulating 
Regulatory  Alternatives 

The  problem,  as  defined  by  the FDA Task  Force  on  the  use of anti- 
biotics  in  animal  feeds  and  as  described  in  Section 2, Statement  of 
the  Problem,  is  divided  into  specific  areas  dealing  with  human  and 
farm  animal  health.  Regulatory  alternatives  were  formulated  primar- 
ily  to  alleviate  the  potential  hazard  in  each  problem  area.  The 
Bureau  is in the  process of reviewing  animal  drugs  for  their  impacts 
on  the  potential  human  and  animal  health  and  safety  problems  identi- 
fied  by  the  Task  Force  using  the  studies  submitted  by  drug  sponsors 
under 21 CFR 558.15, FDA  contract  and  laboratory  work,  studies  pub- 
lished  in  the  scientific  literature,  and  information  solicited  from 
the  public,  Chlortetracycline,  oxytetracycline,  and  penicillin  have 
been  found to pose  an  unacceptable  hazard  to  human  and  animal  health 
in  the  manner  in  which  they  are  presently  used  (in  low  levels) in 
animal  feeds.  These  drugs  are  fully  discussed  in  FEDERAL  REGISTER 
notices  attached  as  Appendix  B  of  this  Environmental  Impact 
Statement. 

The  changes  in  the  animal  and  human  health  factors  that  are  antici- 
pated  with  each  regulatory  alternative  are  not  treated  as  "environ- 
mental  impacts"  in  this  Environmental  Impact  Statement  when  they  are 
discussed  in  detail  in  FEDERAL  REGISTER  proposals  (Appendix B) or 
are  the  basis  for  action  under  the  Agency  mandate  of  the  Food,  Drug, 
and  Cosmetic  Act. The Agency  interprets  the  National  Environmental 
Policy  Act  to  supplement,  not  duplicate,  FDA's  organic  statutory 
authority  to  protect  the  public  health.  However,  these  factors  are 
described  briefly  in  subsequent  sections  and,  for  each  regulatory 
alternative,  the  changes  anticipated  are  discussed  to  enable  the 
reader  to  balance  the  human  and  animal  health  benefits  of  the 
regulatory  alternatives-with  environmental  effects. 
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4.1.1. B a c t e r i a l  Drug Resistance; Compromise of Animal 
and Human Therapy 

The subtherapeut ic   use of ce r t a in   an t ibac te r i a l   d rugs   i n   an ima l  
feeds  can  confer a select ive  or   compet i t ive  advantage  to  drug- 
res i s tan t   pa thogenic  and  non-pathogenic b a c t e r i a  and r e s u l t   i n  
increased  frequency of these   d rug- res i s tan t   bac te r ia   in   the   envi ron-  
ment (Sect ions 2 . 1 . 1 .  and 2.1.2.). Gram-negative bac te r i a   w i th  
t ransferable   plasmid-mediated  s ingle  and mul t ip le   d rug   res i s tance  
may compromise the  cont inued  effect iveness  of a n t i b a c t e r i a l s   i n  
t r e a t i n g  human and animal  diseases  (Section 2.1.3.). Addit ional ly ,  
factors  (genes)  which  enhance  pathogenicity of b a c t e r i a  may become 
l inked   wi th   d rug   res i s tance   fac tors  on R-plasmids. In   t hese   ca ses ,  
s e l e c t i o n  by an t ibac te r i a l s   fo r   d rug - re s i s t an t   bac t e r i a  also s e l e c t s  
for   bacter ia   with  increased  pathogenici ty   (Sect ion 2.1.5.). A 
repor t  (WHO, 1976) on the   publ ic   hea l th   aspec ts  of a n t i b i o t i c -  
res is tant   bacter ia   in   the  environment   prepared by a World Health 
Organization  panel  of  international  experts  notes  that   the  proba- 
b i l i t y  of t r a n s f e r  of  drug-resistance  to  pathogens  increases  as  the 
total   environmental   pool   of   drug  res is tant   bacter ia   (pathogens  plus  
non-pathogens)  increases: 

This  [environmental]  pool w i l l  con t inue   t o   i nc rease   i n   s i ze  
even in   the   absence   o f   an t ib io t ics ,   bu t  i t s  enlargement 
w i l l  r i s e  more s t eep ly  i n  their   presence,   because of the  
s t rong   se lec t ion   pressure   they   exerc ise .  The poin t  w i l l  
ul t imately  be  reached a t  which the   t ransfer  of r e s i s t ance  
to  pathogens becomes i n e v i t a b l e  and the   l a rger   the   pool ,  
t he   g rea t e r  is t h l s   p r o b a b i l i t y .  Moreover, the  wider  the 
d i s t r i b u t i o n  of R enterobacter ia ,   the   greater   the  possi-  
b i l i t y   t h a t   R - f a c t o r s  may emerge tha t   can   c ross   b io logica l  
b a r r i e r s ,  so that   they  can  perhaps  enter   bacter ia l   species  
and genera  apparently  .widely  different from t h e i r   o r i g i n a l  
en te robac te r i a l   hos t s .  

The group c i t e s  an  example  of  the  relative  ease by which  pathogens 
may acqui re   mul t ip le   d rug   res i s tance  and the  consequences  associated 
with  such a t r ans fe r :  

An important  aspect of the  acquisit ion  of  R-factors by 
pathogens i s  that   the   ent i re   res is tance  spectrum,  extending 
t o   a s  many as  seven  drugs,  may be  acquired  in one or   very 
f e w  events .   S ince   pa thogens   a re   invas ive   in   the i r  own 
r i g h t ,  and therefore  need no select ive  support  from the  
an t ib io t ics   to   p romote   the   in fec t ions   they   cause ,  a resis- 
tant  pathogen  with  epidemic  potentiali t ies may spread  widely 
i n  a suscep t ib l e  human population  in  which i t  is  dissemi- 
nated by i t s  normal  epi-demic rou te s .   I f  one  of  the  resis- 
tances  i t  c a r r i e s  is d i rec t ed   aga ins t  a drug  that   can  be 
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used in the  treatment  of  the  disease,  the  treatment  then 
becomes  ineffective.  The  disastrous  outbreak of 
chloramphenicol-resistant typhoid  in  Mexico  is  an  excellent 
illustration  of  these  points.  Only  one  strain  of  the 
typhoid  Salmonella  bacillus  was  involved,  and  the  R-factor 
concerned,  which  had  the  resistance  spectrum  CSSuT,  was 
transferred  to it as  a  single  linkage  group,  that  is,  in 
one  event.  The  entire  outbreak,  involving  some  thousands 
of  deaths,  was  thus  caused  by  a  single  line  of  the  typhoid 
bacillus,  which  needed  only  one  R-factor  transfer  and  the 
opportunity  of  epidemic  spread to cause  the  largest  and 
most  troublesome  typhoid  outbreak on record.  Many  analogous 
examples  can  be  cited,  and  the  appearance  of  plasmid- 
mediated  drug  resistance  in  genera  such  as  Vibrio. - " 
Haemophilus,  Clostridium,  Streptococcus  and  other  organisms 
widely  different  from  the  enterobacteria.  may  be  a  hint 
that  R-factors  have  greater  transfer potentihities than 
was  previously  thought. . .(WHO, 1976). 

Reductions  in  the  environmental  pool  of  drug-resistant  bacteria  are 
therefore  beneficial,  since  antibacterial  drugs  might  otherwise 
eventually  become  less  effective,  with  consequent  adverse  impacts  on 
human  and  animal  health.  !Some  Gram-negative  bacteria  (including 
some  enteric  bacteria)  are  shown  to  be  promiscuous  in  their  ability 
to  spread  R-factors  to  many  species  of  bacteria;  Gram-positive 
bacteria  develop  plasmid-mediated  resistance  to  antibacterials,  as 
well.  Less  is  known  about  this  latter  transferable  drug  resistance, 
however.  The  hazard  associated  with  drug-resistant  Gram-positive 
bacteria  is  still  being  examined  by  the  Bureau.  Genetic  factors  for 
drug  resistance  present on the  chromosomes  of  both  Gram-negative  and 
Gram-positive  bacteria  are  rarely  transferred  to  drug-sensitive 
bacteria,  although  this  is  possible  when  a  chromosomal  resistance 
gene  has  been  translocated  to  a  transferable  plasmid.  Reduction  in 
the  environmental  pool  of  bacteria  with  chromosomal  drug  resistance 
is  beneficial,  in  the  sense  of  reducing  drug-resistant  pathogens, 
but  not  as  important  as  reducing  the  frequency  of  transferable 
plasmid-mediated  drug  resisitance  in  Gram-negative  bacteria. 

4 . 1 . 2 .  Environmental  Reservoir  of  Pathogenic  Bacteria 

A s  discussed  above,  the  environmental  reservoir  of  drug-resistant 
non-pathogenic  and  pathogenic  bacteria  contributes  to  a  po~tential 
compromise  of  human  and  animal  drug  therapy.  Regulatory  alterna- 
tives  that  reduce  the  total  environmental  reservoir  of  drug-resistant 
and  -sensitive  pathogenic  bacteria  are  also  viewed  as  beneficial. 
This is because  pathogens  excreted  by  farm  animals  travel  by  many 
routes  through  the  environment  with  resulting  exposure  to  and  infec- 
tion of humans  and  animals.  Some  pathogens  can  live  and  multiply 

. .  . 
. .  
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both  within  an  animal  host:  and  as  free-living  organisms  in  the 
environment.  The  subtherapeutic  use  of  antibacterials  in  animal 
feeds  provides  a  competitive  advantage  to  pathogens  resistant  to  the 
drugs  being  used. In choolsing  a  regulatory  alternative  that  reduces 
drug-resistant  pathogens,  however, it is  important  to  consider 
whether  drug-sensitive  pathogens  might  increase  due to lack  of 
effective  substitute  control  measures. 

4.1.3.  Allergic  Hypersensitivity  and  Toxic  Reactions 
in  Humans 

Actions  that  reduce  occupational  or  tissue  residue  exposure  to  drugs 
with  high  potential  for  creating  allergic  or  toxic  reactions  in 
persons  manufacturing  these  drugs,  in  workers  preparing  and  handling 
drug-medicated  feeds,  and in persons  consuming  tissues  containing 
drug  residues  would  be  viewed  as  beneficial.  The  potential  for  a 
regulatory  alternative  to  create  changes in the  incidence  of  hyper- 
sensitivity  or  toxic  reactions  is  difficult  to  assess,  since  we  do 
not know the  present  incidence  of  adverse  reactions  to  various  drugs 
from  occupational  and  tissue  residue  exposure.  However , literature 
reports  show  that  these  effects  occur  (see  Appendix A for  individual 
drugs). Therefore,  the  substitution  of  one  drug  which  rarely  causes 
allergic  reactions in humans  for  another  drug  with  high  potential 
for  such  reactions  (as  shown  by  clinical  evidence  and/or  literature 
reports)  is  viewed  as  beneficial.  (See  Section  2.1.6.) 

4 . 2 .  Factors  Considered  in  Determining  Environmental  Impacts  of 
Regulatory  Alternatives 

Environmental  factors  include  consideration  for  each  regulatory 
alternative  of: (1) the  potential  for  the  alternative  to  result  in 
the  spread  of  pathogens  from  domestic  animal  populations  to 
wildlife; ( 2 )  changes  in  animal  and  waste  management  practices, 
including  the  quantities  and  types  of  drug  residues  and  chemicals 
introduced  into  the  environment  and  land  use  changes  that  result; 
and  (3)  socioeconomic  effec:ts  such as  grain  and  meat  availability, 
energy  consumption,  and  demand  for  veterinary  care. 

4.2.1.  Spread  of  Pathogens  from  Farm  Animal  Facilities 
to  Cause  Increased  Morbidity  and  Mortality  in 
Wildlife 

Wildlife,  especially  mammalian  and  avian  species,  is  often  suscep- 
tible to the  same  disease  organisms  that  infect  farm  mammals  and 
birds,  as  discussed  in 2.1.1. and  2.1.2.  above. 

Actions  that  increase  the  contact  of  wildlife  with  these  pathogens 
would  have  potentially  adverse  effects  on  these  recreational  and 
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aesthetic  resources.  (The  spread  of  these  pathogens  back  to  man  and 
domestic  animals  from  these  environmental  reservoirs  is  considered 
in 4.1.2.) 

4.2.2.  Changes in Animal  Management  Practices 

Changes  in  farm  animal  management  practices  can  affect  the  environ- 
ment  through:  (1)  the  use  of  drugs  whose  environmental  residues 
adversely  affect  soil  or  aquatic  organisms  or  select  for  drug- 
resistant  bacteria;  (2)  changes in the  manner  in  which  animal  waste 
is  handled  and  facilities  are  disinfected;  and (3 )  changes in  the 
land  use  patterns in which  animals  and  their  feed  are  raised,  for 
example,  a  shift  from  feedlots  to  pastures  or  open  grassland  as  a 
means of controlling  disease  transmission. In general,  we  believe 
that it is  safe to assume  that,  as  long  as  effective  drug  substi- 
tutes  are  available  for  the  disease  control  and  prevention  uses  of 
antibacterials  restricted  by  a  regulatory  alternative,  then  the 
alternative  will  result  in  no  major  change  in  items  (2)  and ( 3 ) .  

Antibacterials  are  marketed  for  their  ability t o  kill  or  inhibit  the 
growth  of  bacteria.  When  these  drugs, in sufficient  concentrations, 
come  into  contact  with  useful  soil  and  aquatic  bacteria,  many  species 
may  be  affected.  (See  Appendix A for  spectra  of  activity  of  indi- 
vidual  drugs.)  For  example,  tetracyclines  excreted  by  medicated 
animals  have  been  shown  to  alter  the  rate  of  stabilization  of 
feedlot  waste  by  affecting  the  bacterial  populations  present  (Elmund 

bacteria  may  also  occur,  although  evidence  for  this  event  is  not 
definitive.  Table VI11 summarizes  available  information  for  peni- 
cillin,  tetracyclines,  combination  drugs  and  substitute  drugs  on 
excretion  by  target  animals,  environmental  persistence,  toxicity, 
and  potential  for  selection  of  drug-resistant  non-enteric  bacteria. 
In many  instances  information on the  toxicity  of  these  drugs  to 
environmentally  important  bacteria,  such  as  those  responsible  for 
fixing  atmospheric  nitrogen  as  organic  nitrogen,  and  to  inverte- 
brates,  plants  and  animals,  is  unavailable. 

- et -.’ a1  1971; A.1.5.3.1.). Selection  for  drug-resistant  non-enteric 

The  animal  industry  uses  subtherapeutic  antibacterials  in  animal 
feed  to  prevent  and  controll  disease  among  densely  populated,  often 
stressed,  flocks  or  herds  of  food-producing  animals. In such  dense 
populations,  animals  are  frequently  exposed  to  sick  animals  and 
constantly  exposed  to  excreta  which  may  contain  fecally  transmitted 
disease  organisms,  such  as  Salmonella  typhimurium.  Constantly 
administering  subtherapeutic  antibacterials  is  one  technique  that 
has  been  used to attempt to reduce  the  probability  that  epidemics  of 
diseases  will  spread  throughout  an  animal  population.  There  are 
other  non-drug  oriented  measures  which  also  may  be  used  to  help 
prevent  disease  outbreaks. For example,  animal  feed  can  be 



-64- . 

processed in  such  a  manner  as to  reduce  bacterial  contamination. 
Since  offal  (discarded  parts  and  condemned  animals)  from  animal 
processing  is  often  used  to  make  animal  feeds,  this  feed  can  be  a 
significant  source  of  disease  organisms  (Newel1  and  Williams,  1971; 
Edel -- et  al.,  1973). Also,  animal-producing  facilities  can  be 
designed  for  thorough  and  regular  removal  of  animal  excreta.  This 
animal  waste  must  be  properly  treated  or  it  may  cause  disease  spread 
(Section 2.1.1.) or  water  pollution  problems.  Disinfectants  can  be 
used  to  sanitize  animal  rearing  and  transport  equipment  between 
uses.  These  disinfectants  in  wash  water  effluents  could  have 
adverse  environmental  effects.  Animals  that  show  clinical  signs  of 
disease  or  new  animals  being  introduced  into  the  farm  animal 
population  can  be  quarantined  for  observation  and/or  treatment  or 
culling  (Morehouse, 1972). Animals  can  be  grown in less  dense  popu- 
lations,  which  results  in  less  stress  and,  therefore,  less  disease 
susceptibility,  and  decreased  chance  that  animals  will  come  into 
contact  with  sick  animals  or  infectious  wastes.  However,  this 
requires  additional  land  and  facilities  devoted  to  animal  production 
and,  probably,  additional  management  effort  spent  per  animal. 

Strict  attention  to  these  'measures,  usually  called  "good  animal 
management,"  can  probably  reduce  the  dependence  of  animal  producers 
on  continuously  administered  subtherapeutic  antibacterial  drugs. 
With  each  disease  prevention  measure,  there  are  expenses in the  form 
of  capital  costs  for  well-designed  facilities,  costs  for  waste  man- 
agement,  animal  health  care,  and  labor  which  are  balanced  with  the 
costs  and  effectiveness  of  using  subtherapeutic  antibacterial  drugs 
when  the  animal  producer  decides  whether  or  not  to  use  a  particular 
measure.  Restrictions  on  .the  uses  of  certain  drugs  or  compromised 
effectiveness of drugs  increase  the  feasibility  of  using  these 
non-drug  oriented  animal  management  practices  and  therefore  affect 
the  environmental  impacts  associated  with  animal  production. 

It should  be  noted  that  many  animal  producers  believe  that  it  is  not 
feasible  to  rear  animals  in  the  absence  of  subtherapeutic  antibac- 
terial  drugs.  While  there  is  scientific  literature  describing 
strategies  and  effectiveness  of  some  non-drug  oriented  management 
practices  (cited  above)  and  we  understand  that  some  animal  producers 
do  not  use  subtherapeutic  drugs  in  their  practices,  we  can  find  no 
literature  and  did  not  receive  evidence  in  response  to  the  Agency's 
Call  for  Environmental  Information (42 FR 27264)  to  support  the 
essentiality  of  subtherapeutic  drugs  for  producing  particular  animal 
species.  Virgil  W.  Hays,  Chairman,  Department  of  Animal  Sciences, 
University of Kentucky  (Doc:ket No. 77N-0318)  did  submit  an  extensive 
review  of  the  literature  entitled  "Effectiveness  of  Feed  Additive 
Usage  of  Antibacterial  Agents  in  Swine  and  Poultry"  which  noted  that 
the  effect  of  antibacterial.  agents  in  increasing  the  rate  of  weight 
gain  and  feed  efficiency  in  swine  and  poultry  was  less  pronounced  as 
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environmental  stresses,  such  as  inadequate  nutrition,  crowding, 
moving  and  mixing  of  animals,  poor  sanitation,  and  extremes  of 
temperature,  were  reduced..  Hays  also  summarized  the  results  of  many 
field  and  laboratory  studies  on  the  effect  of  various  subtherapeutic 
antibacterials  on  the  feed  efficiency  and  rate  of  weight  gain  of 
poultry  and  swine.  While  these  data  reflect  variability  among  the 
antibacterials in the  average  effects  observed,  the  range  of  effects 
observed  for  each  antibact:erial  is  not  reported  and  the  average 
values  were  not  subjected t o  statistical  analyses  to  determine 
whether  there  were  statistically  significant  differences  between  one 
antibacterial  and  another.  Ladwig  and  co-workers  (1974)  found  that 
feed  medicated  with  Aureo SP-250, a  combination  tetracycline,  peni- 
cillin,  and  sulfamethazine!  premix,  improved  the  rate  of  weight  gain 
and  feed  efficiency of pigs  in  the  presence  of E. coli  resistant  to 
these  drugs  but  not  sufficiently  to  offset  the  costs  of  the  medica- 
tion.  Ladwig  estimated  a  potential  savings  of $1.13 per  pig  for  not 
feeding  the  antibiotics  to  pigs.  This  savings  would  be  less  when 
feed  costs  are  higher  and  greater  when  feed  costs  are  lower.  There- 
fore,  the  animal  producer  must  not  only  consider  whether  medicated 
feeds  are  effective  for  increasing  animal  productivity  but  also 
whether  this  increased  productivity  (and  feed  grain  savings)  is 
greater  than  the  costs  of  adding  antibacterials  to  animal  feed. 

- -  
- 

It should  also  be  noted  that  discharge  of  wastewater f r q  larger 
animal  producing  facilities,  both  housed  and  feedlot  populations,  is 
regulated  by  the  Environmental  Protection  Agency (40  CFR 412) pursu- 
ant  to  the  mandate of the  Federal  Water  Pollution  Control  Act. 
Control  of  wastewater  discharge  from  these  facilities  is  accom- 
plished  either  by  prompt  rlemoval  of  waste  and  application  on  land  or 
by a variety  of  on-site  waste  treatment  measures.  Such  control  of 
animal  wastes  is  discussed  above  as  a  means  to  reduce  the  chance  of 
disease  spread  among  domestic  animal  populations.  Therefore,  regu- 
latory  alternatives  considered  by  the  Bureau  encouraging  animal 
waste  treatment  are,  to  a  :large  degree,  not  requiring  expenditures 
by animal  producers  additional  to  those  necessary  to  meet  the  goals 
and  objectives  of  the  Federal  Water  Pollution  Control  Act. 

4 . 2 . 3 .  Socioeconomic  Effects 

A decline  in  the  availability  of  grain  and  meat  for  the  American 
consumer  and  for  export  is  defined  as  an  adverse  socioeconomic 
effect.  Increased  farm  animal  morbidity  and  mortality  and  the 
veterinary  care  costs  associated  with  them  are  examples  of  factors 
that  might  affect  availability  and  costs  of  meat  supplies.  Antibac- 
terials  are  also  used  at  very  low  levels  for  the  purpose  of  increas- 
ing farm  animal  productivity,  as  measured  by  the  level of feed 
efficiency  and  rate  of  weight  gain.  The  drug  concentrations  used 
are  too  low  to  be  effeckive  in  preventing  or  treating  clinical 
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diseases   bu t  are su f f i c i en t ly   h igh   t o   i nc rease   t he  rate of  weight 
ga in  and feed  eff ic iency  ( through unknown mechanisms)  and s e l e c t   f o r  
d rug- re s i s t an t   bac t e r i a l   s t r a ins .   Regu la to ry   a l t e rna t ives  which 
remove a l l  growth  promotants  from  animal  feeds  probably would r e s u l t  
i n   i nc reased  demand for   feed  grain.   Grain  not   used  for   farm  animals  
may be  exported,  thereby E-mproving the U.S. balance  of  trade.  Sig- 
n i f i can t   i nc reases   i n   t he   ene rgy  consumed i n   r a i s i n g   l i v e s t o c k  and 
the i r   f eed  would also  be  adverse  to   nat ional   energy  conservat ion 
e f f o r t s .  

4.3. Proposed  Actions 

The Bureau  of  Veterinary  Medicine  of  the Food and  Drug Administration 
i s  propos ing   to   (1)   p rohib i t   the   use  of p e n i c i l l i n  i n  animal  feeds 
(Appendix B y  42 FR 43770-4.3793, August 30,  1977); (2) r e s t r i c t   t h e  
subtherapeut ic   use of te t racyc l ines   in   an imal   feeds  t o  those   l abe l  
claims  where no subst i tute   subtherapeut ic   drug i s  ava i l ab le  
(Appendix B, 42 FR 56254-56289, October 21, 1977); (3 )  l i m i t  the  
d i s t r i b u t i o n  of  animal  feed  premixes  containing  penicil l in  and/or 
te t racyc l ines   to   feed  mills that  hold  approved  medicated  feed  appli- 
ca t ions  and l i m i t  the  distribution  of  medicated  feeds  to  the  order 
of a l i censed   ve te r inar ian  (43 FR 3032-3045, January 20,  1978). The 
Bureau is  also  accelerat ing  the  review  of   eff icacy  data   for   ant ibac-  
te r ia l   d rug   products  and i t s  e f f o r t s   t o  remove products from the  
market which are   not  shown to   be   e f fec t ive .  The  Bureau  has  proposed 
one  such  action ( 4 )  for   penici l l in-s t reptomycin  premixes (42 FR 
29999-30002, June 10, 1977). 

Requests  for  formal  evidentiary  hearings  are  presently  being  consid- 
ered by the  Bureau for   i tems ( 1 1 ,  (21, and (4). Informal  public 
hearings  have  been  held  for  the  proposed  rule  described  in (3). 

4 - 3 . 1 .  Approach to the  Problem 

The proposed   ac t ions   res t r ic t   subtherapeut ic   uses   on ly   for   penic i l l in  
and t e t r acyc l ines  where substi tute  subtherapeutic  drugs  have  been 
approved by BVM fo r   t he  same uses.  BVM review  has shown tha t   t he re  
a r e   s u b s t i t u t e   s u b t h e r a p e u t i c   d r u g s   f o r   a l l   p e n i c i l l i n   c l a i m s  and 
a l l   bu t   t he   s even   t e t r acyc l ine   i nd ica t ions  below (see   a l so   Table  I1 
and  Appendix B,  42 FR 56283 Tet racyc l ines   i n  Animal  Feeds  and  Tetra- 
cycline  Containing  Premixes). 

Oxytetracycl ine 

(1) For chickens a t  100 t o  200 grams per  ton  of  feed 
a s  an a id   i n   con t ro l  of fowl  cholera  caused by 
Pasteurel la   multocida.  A t  100 t o  200 grams per   ton of -- 
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feed  as  an  aid  in  the  control  of  infectious  synovitis 
caused  by  Mycoplasma  synoviae  susceptible to oxytetra- 
cycline. 

(2 )  For  turkeys  at 200 grams  per  ton of feed  for  the 
control  of  infectious  synovitis  caused  by  Mycoplasma 
synoviae  susceptible  to  oxytetracycline. 

Chl-ortetracycline 

(1 For  chickens  at 100 to 200 grams  per ton of feed 
as  an  aid in the  control  of  infectious  synovitis 
caused  by g. synoviae  susceptible  to  chlortetracycline. 

(2 )  For  turkeys alt 200 grams  per  ton  of  feed  as  an  aid 
in the  control of infectious  synovitis  caused  by M. 
synoviae  susceptible  to  chlortetracycline. 

( 3 )  For  beef  cattle  at 0 . 5  milligram/pound  of  body 
weight  per  day for control  of  active  infections of 
anaplasmosis. 

( 4 )  For  beef  cattle  at 350 milligrams  per  head  per  day 
in  combination  with  sulfamethazine  as  an  aid in the 
maintenance  of  weight  gains  in  the  presence  of  respi- 
ratory  disease  such  as  shipping  fever. 

(5) For  breeding  sheep  at 80 milligrams  per  head  per 
day  as  an  aid  in  reducing  the  incidence  of  vibrionic 
abortion. (42 FR 56287) 

Although  the  proposed  actions  would not affect  therapeutic  veterinary 
uses  of  tetracyclines  and  penicillin,  we  believe  that  the  subthera- 
peutic  uses  of  penicillin  .and  tetracyclines  being  discontinued 
account  for  a  large  proportion  of  the  total  (subtherapeutic  plus 
therapeutic)  veterinary  market  for  these  drugs,  at  least  as  pres- 
ently  marketed.  This  is shown in  data  such  as  that  in  Table I11 
which  indicates  that  tetracyclines  were  present  in 57 percent  and 
penicillin  in 4 8 . 3  percent  of  the  medicated  swine  feeds  as of April 
1 ,  1976. 

One of the  proposed  actions,  a  "distribution  controls"  proposal, 
would  also  place  restrictions  on  the  subtherapeutic  tetracycline 
claims  listed  above  for  which  no  substitutes  are  available  and  on 
therapeutic  uses  in  animal  feed.  An  animal  grower  desiring  to  use  a 
tetracycline  for  one  of  those  claims  permitted  would  first  need  to 
obtain  an  order  from a veterinarian  and  then  take  that  order  to a 
feed  mill  which  produces  medicated  feeds  and  holds  an  FDA-approved 



-68- . 

medicated  feed  application  (form FD 1800).  (See 42 FR 3032-3045, 
Appendix B for  details.)  Presumably,  the  veterinarian  issuing  the 
order  for  a  tetracycline-medicated  feed  would  confirm  by  examination 
or  other  knowledge  that thle drug  was  indeed  needed  for  one  of  the 
approved  claims. 

There  is  considerable  disagreement  about  the  value  of  this  "distri- 
bution  controls"  proposal  with  respect  to  the  actual  reduction in 
the  quantities  of  tetracyclines  used  that  would  result. Two  major 
factors  that  affect  the  amount  of  reduction  that  could  be  expected 
are  the  nature  of  the  use  indications  that  would  be  permitted  and 
the  interpretation  of  the  wording  of  those  indications  by  veterinar- 
ians,  who  would  control  whether  animal  producers  obtained  the 
necessary  orders  to  prepare  and  use  tetracycline  medicated  feeds. 

For  example,  several  indications  are  for  "the  control  of"  or  "as 
an  aid  in  the  control  of"  a  particular  condition.  Given  that  each 
veterinarian  must  determine  when  to  prescribe  medicated  feed  for  a 
particular  indication  and  that  some  of  the  diseases  listed in the 
permitted  claims  are  pervasive,  either  nationwide  or  regionally, 
(e.g.  anaplasmosis,  respiratory  disease), it could  be  argued  that 
subtherapeutic  animal  use  of  tetracyclines  would  continue  to  be 
widespread. 

On the  other  hand,  animal  producers  and  other  non-veterinarians  may 
presently  obtain  tetracycline  premixes  and  medicated  feed  "over-the- 
counter"  at  farm  supply  and  feed  stores  without  consultation  with  a 
veterinarian  as  to  the  actual  need  for  them. The  "distribution 
controls"  proposal  would  eliminate  such  sales  of  tetracycline- 
medicated  feeds  entirely,  although  feeds  medicated  with  other  anti- 
bacterials  would  continue to be  sold  over-the-counter  through  such 
outlets.  Thus,  animal  producers  would  be  able to obtain 
tetracycline-medicated  feeds  only  when  a  veterinarian  determined 
that  such  use  was  appropriate  and  the  dosage  of  the  drug  in  the 
feeds  would  be  only  that  approved  for  the  condition  that  was  a 
problem. We believe,  therefore,  that  the  "distribution  controls" 
proposal  will  have  some  beneficial  effect in reducing  the  use  of 
tetracycline-medicated  feeds. 

Summarizing,  the  four  proposed  actions  listed  above  seek  to  reduce 
the  potential  for  animal  and  human  pathogens  to  develop  resistance 
to tetracyclines  and  penicillin  and  the  consequent  potential  that 
these  drug-resistant  pathogens  might  compromise  the  effectiveness  of 
the  therapeutic  uses  of  these  drugs  in  humans  and  animals.  These 
reductions  in  animal  and  human  health  problems  would  be  achieved 
largely  through  limiting  subtherapeutic  uses  of  penicillin  and 
tetracyclines.  We  believe  that  subtherapeutic  uses  account  for  a 
large  volume  of  the  total  use  (subtherapeutic  plus  therapeutic)  of 

. .  
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these  drugs. It also  appears  that  penicillin  and  tetracycline- 
medicated  feed  represents  a  large  proportion  of  the  entire 
medicated-feed  market  for  food-producing  animals.  Subtherapeutic 
levels  of  these  drugs  effectively  select  for  drug-resistant  bacteria. 
Through  reductions  in  the  use  of  these  drugs  in  animals,  the  poten- 
tial  for  tetracyclines andl penicillin  to  become  compromised  in  their 
effectiveness  in  treating  human  and  animal  disease  would  be  lessened. 
Reductions in the  frequency  of  tetracycline  and  penicillin-resistant 
plasmids in the  total  environmental  pool  of  bacteria  reduce  the 
opportunity  for  drug  resistances  and  pathogenicity  factors  to  become 
linked.  Through  reducing  the  use of tetracycline  and  penicillin- 
medicated  feeds,  human  occupational  exposure  to  these  drugs  during 
their  manufacture  and  the  preparation  and  use  of  medicated  feeds  and 
premixes  would  be  reduced.  The  potential  for  unsafe  tissue  residues 
of  these  drugs  in  meat  for  human  consumption  would  also  probably  be 
reduced. 

Of  course,  reductions  in  subtherapeutic  animal  uses  of  penicillin 
and  tetracyclines  mean  that  substitute  drugs  will  be  used  increas- 
ingly.  Major  substitute  drugs  are  identified  in  Section 3 and  are 
examined  for  their  impact  on  the  drug-resistance  problem  as  well  as 
potential  environmental  impacts.  Summarizing  data  from  Appendix A ,  
Table  VI11  shows  that  some  substitutes  may  select  for  transferable 
plasmid-mediated  drug  resistance in bacteria  and  others  do  not. 
Therefore,  use  of  substitute  drugs  may  contribute  to  the  bacterial 
drug  resistance  problem.  These  drugs  are  still  being  evaluated  by 
FDA for  any  hazards  associated  with  their  subtherapeutic  use  in 
animal  feeds  and  for  any  necessary  regulatory  action.  If  substitute 
drugs  are  found  to  produce  resistance  problems  that  would  likely 
offset  the  reductions  achieved  by  the  actions  proposed  here, FDA has 
the  authority  to  restrict  the  use  of  individual  substitutes  as 
well.  Table  VI1  shows that: some  major  substitute  drugs  also  have 
less  potential  than  penicillin  and  tetracyclines  for  both  allergic 
reactions  and  animal  tissue  residues  above  safe  tolerance  levels  for 
humans.  (See  also  Appendix A . )  

The  total  environmental  reservoir  of  pathogenic  bacteria  will  be 
affected  beneficially  by  the  proposed  actions in that  there  will  be 
reduced  development  and  proliferation  of  tetracycline  and  penicillin- 
resistant  pathogenic  bacteria  with  time.  The  proposed  actions  permit 
the  use  of  and  seek  to  protect  the  effectiveness  of  (1)  therapeutic 
tetracyclines  and  penicillin  used in animals  and  humans  and (2 )  
those  subtherapeutic  tetracycline  uses  for  which  substitutes  are 
not  available. We believe  that  control  over  pathogenic  bacteria  and 
the  animal  and  human  diseases  they  cause  should  continue  at  no  less 
than  the  present  level  or  improve  due  to  the  reduced  likelihood  that 
hard-to-treat  multiply  drug-resistant,  pathogenic  bacteria  will 
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develop in animal  populations.  (See  4.3.3.  Uncertainties,  for  a 
discussion  of  the  bacteria  shed  by  domestic.  animals  when  substitute 
subtherapeutic  drugs  are  used. ) 

Because  the  proposed  actions  also  reduce  the  frequency  of  drug- 
resistant  non-pathogens,  such  as E. coli,  it  should  also  reduce  the 
spread  of  these  bacteria  and  the  ;rug-resistance  they  carry  from 
farm  animals  to  humans.  This  lessens  the  opportunity  for  plasmid- 
mediated  drug  resistance  of  animal  origin  to  be  transferred  from 
non-pathogens  to  pathogens;  present  in  humans.  The  routes  through 
which  bacteria  spread  from  animals to man,  wildlife,  and  the  rest  of 
the  environment  are  unaffected,  however,  and  bacteria,  more  often 
drug-sensitive  ones,  would  continue  to  be  transmitted  to  humans  and 
wildlife  at  about  the  pre,; c ent  rates. 

- 

4.3.2.  Benefici.al  Environmental  Impacts 

a. Tetracyclines,  penicillin,  and  drugs  used  in  combination 
with  both  tetracyclines  and  penicillin  enter  the  environment  in 
lowered  quantities  under  t:he  proposed  actions.  Consequently,  the 
potential  for  adverse  effects  on  microbial  populations  in  soil 
feedlot  wastes,  in  runoff  into  streams  and  in  exposed  invertebrates, 
plants,  and  animals  should!  be  reduced  as  reflected  in  Table  X.  (See 
also  Sections  3.4.  and A.1.3.4.1.). 

b. We believe  that  no,  other  changes  in  management  practices 
besides  use  of  substitute  drugs  would  be  necessary  if  the  proposed 
actions  were  implemented. No change  in  availability  of  animal 
protein  for  the  consumer  or  the  energy  used for  raising  animals 
would  therefore  be  expected.  This  is  because no changes  in  animal 
morbidity,  mortality,  and  productivity  are  anticipated.  Animal 
morbidity  and  mortality  probably  will  continue  at  the  present  levels 
o r  be  reduced  due  to  the  continuing  availability  of  subtherapeutic 
substitute  drugs  (including  tetracyclines,  when  there  are no 
substitutes),  the  availability  of  all  drugs  at  therapeutic  levels, 
and  the  likelihood  that  hard-to-treat,  drug-resistant  pathogens 
would  develop  at  a  reduced  rate. 

There  are  antibacterial  and  other  drugs  that  are  available  as  sub- 
stitutes  for  tetracyclines  for  producing  increased  rate  of  weight 
gain  in  most  farm  animals  (Table 11). The  productivity  of  pigs fed 
three  of  these  substitutes  was  at  least  comparable  with  the  produc- 
tivity  of  pigs  fed  chlortetracycline in data  collected  by  Langlois 
and Hays (1976)  in  an  Anim.al  Health  Institute-sponsored  study  shown 
in  Table  IX.  Although  current  penicillin  and  penicillin/streptomycin 
usage  is  less  than  tetracycline  use,  data  are  also  available  to  show 
that  substitute  drugs  have  a  similar  effect  upon  weight  gain  and 
feed  efficiency. As an  example,  Figure 2 below  compares  tylosin  and 



-71- . 

m 
bo 
.d 
E4 n 
W .d 

c 
0 

a 
2 
m 

?I 
h 
a, 
.d 
3 
U 
o 
a, 
m a 
a, 
k 
I 

m 
U 

g 
B 

.d 
k 
a, 

W 
k 
a, 

PC 

3 

... 
Q\ 

o 
.d at 
u 
0 U 

k 
.d 
P 
.d 

.d 
o 

U 

4 a 
a, 
X 

P c 
.a 

d. In 

a, 
5 

\o 
4 
N 

. .  
m 
0 
rl 
h m k 

0 
W 

m 
h 
a (d 

PI 
m 

00 
N 

4 0 
G 

\ 
U 

0 
bo 

4. 

a 
5 
0 
43 

n 
0 
d 
0 

n 
rn 
0 

va 
W 

d 
0 
u k 

V a 
W 

n 
b 
m 

m 

CI 
4 
I 

m 
LA 

5 
.d 
3 

rl 
0 
u k 

d 
0 
u k 

4 
In 

N g 
V 

G 
0 o 

0 
W 
k 
B !? 

k 
W 

k 
0 
IH 

u 
m 
k 
a, 

W 
W 

bo 

4 



-7 2- . 

Environmental  Changes  Associated  with  the  Proposed  Actions. 

Change 
Beneficial <-> Adverse 

i 3  i 2  il , o  -1 -2 -3 
Environmental  Factors 

1. Spread  of  pathogens  from  domestic 
(farm)  animals  to  wildli.fe 

0 Short  term 
0 Long  term 

2. Changes  in  animal  management  practices 
0 Toxic  effects  of  erwironmental 

residues  of  penicillin,  tetracyclines, 
and  combination  dru.gs  on  micro- 
organisms,  plants,  wildlife 

0 Toxic  effects of environmental  resi- 
dues of substitute  drugs  on  micro- 
organisms,  plants,  wildlife 
0 Short term 
0 Long  term 

disinfectant  and  pesticide  use  at 
animal-rearing  facilities 
0 Short  term 
0 Long  term 

animal  rearing  and  for  growing  animal 
feed 
0 Short  term 
0 Long  term 

0 Changes  in  waste  management  practices, 

0 Changes  in  land  use  patterns  for 

3. Socioeconomic  effects 
8 Availability of grain  and  meat 

0 Short  term 
0 Long  term 

0 Short  term 
0 Long  term 

veterinary  care 
0 Short  term - 
0 Long term - 

0 Changes  in  energy  consumption 

0 Demand  for  and  cost  of 

X 
X 

X 

X 
X 

X 
X 

X 
X 

X 
X 

‘X 
X 

X? 
X? 
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1500 8 Weok Welghtr t GmsJ I Exp.  1-3-4 

2.30 

7.4 5, 

2.5 0 

Figure 2. EFfect of t y l o s i n  and p r o c a i n e   p e n i c i l l i n  on average 
d a i l y   g a i n  and  feed  eff ic iency of ch ickens   fo r  an 
eight-week  period  (Berknan e t  a].., 1960).  
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p e n i c i l l i n .  As mentioned  ear l ier  (4 .2 .2 . ) ,  Hays has summarized many 
o the r   s tud ie s  from  the  1950's  to  date  (Docket N o .  77N-0318). H e  
shows t h a t   t h e r e  i s  some v a r i a b i l i t y   i n   t h e   a v e r a g e  rate of  weight 
ga in  and feed  efficiency  observed  for  swine  and  poultry  medicated 
w i t h  t e t r a c y c l i n e s ,   p e n i c i l l i n ,  and o t h e r   a n t i b a c t e r i a l s   i n  sub- 
therapeut ic   l eve ls   in   an imal   feed .  Hays does  not  report   the  range 
of observat ions  for   the  var ious  drugs  and  does  not   analyze  the 
averaged  observations  to  determine  whether  there are s t a t i s t i c a l l y  
s ign i f i can t   d i f f e rences   be tween   an t ibac te r i a l s .   O the r   s tud ie s   a r e  
c i t e d  and  summarized i n   t h e   r e p o r t  by the  FDA Task  Force on the  use 
of an t ib io t ics   in   an imal   feeds   (1972)  which  examines the   e f f i cacy  
and  economic benef i t   der ived  from  medicated  animal  feeds  and shows 
var iab le   bu t   roughly   comparable   resu l t s   for   o ther   an t ibac ter ia l s  i n  
food-producing  animals. It should  be  noted,  however,  that many 
ind iv idua l s   be l i eve   t ha t   subs t i t u t e   d rugs  are n o t   a s   e f f e c t i v e   a s  
t e t r a c y c l i n e s  and p e n i c i l l i n   f o r   t h e  same indicat ions.   This   area  of  
controversy i s  not   eas i ly   reso lved   s ince  FDA does   no t   requi re   tha t  a 
new drug   be   t es ted   to  show whether it is  more o r  less ef fec t ive   than  
o ther   d rugs   bu t ,   ra ther ,   requi res   tha t   the  new drug  produce  the 
d e s i r e d   e f f e c t  when compared t o  non-medicated con t ro l s .  

4.3.3.  Adverse  Environmental  Impacts 

a. From Table X, i t  c.an be  seen  that   an  adverse  effect   re la ted 
to   the   increased   use  of subs t i tu te   d rugs  i s  ant ic ipated.   Fol lowing 
r e s t r i c t i o n  of t e t r a c y c l i n e s  and pen ic i l l i n   i n   an ima l   f eeds ,   subs t i -  
t u t e   d r u g s  would probably  be  used  in   increased  quant i t ies ,   wi th  
resultant  increased  environmental   residues  for  those  drugs  that   are 
e x c r e t e d   i n t a c t  by target  animals.  Because  the  market  for tetra- 
cyc l ine  and p e n i c i l l i n   u s e s   t o   b e   r e s t r i c t e d  would  be  divided among 
a number of subs t i t u t e   p roduc t s ,  some of  which we be l ieve   to   have  
l e s s   po ten t i a l   fo r   adve r se   e f f ec t s  on environmental  organisms and 
some of  which are probably   about   equa l   to   t e t racyc l ines   in   po ten t ia l  
for   adverse   e f fec ts   (except   wi th   respec t   to   c rea t ing   drug- res i s tan t  
bac te r ia )   (Table  VIII), we be l i eve   t ha t   t he re  w i l l  be a s l i g h t  
i nc rease   i n   adve r se   e f f ec t s  due to   these  res idues  in   the  environment  
over  those  which  are  currently  associated  with  the  use of these  
subst i tute   drugs.   Since  excreted  res idues of subs t i t u t e   d rugs   a r e  
o f t en   b ioac t ive   fo r  a t  l e a s t  a short   period,  probably any adverse 
e f f e c t s  would primarily  involve  inhibitions  of  the  growth  of  exposed 
s o i l   b a c t e r i a .   ( B e n e f i c i a l   s o i l   b a c t e r i a  may be  adversely  affected 
s i n c e   t h e   c e l l u l a r   s t r u c t u r e  of these  organisms  often are s i m i l a r   t o  
t h a t  of the  pathogenic  bacteria  against   which  the  drugs  are  used.)  
These   e f f ec t s   a r e   l i ke ly ,   bu t   a r e   no t   an t i c ipa t ed  to b e   i r r e v e r s i b l e  
s ince   a l l   t he   d rugs ,   w i th   t he   excep t ion  of   o rganic   a rsen ica ls ,   a re  
i nac t iva t ed  and degraded  to common organic compounds i n  t i m e  per iods 
less than   o r   equa l   t o  one year.  The organic   arsenical   drugs,  
roxarsone and a r san i l i c   ac id ,   con ta in   t he   e l emen t   a r sen ic  which 
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commonly  occurs  throughout  the  environment  but  which  is  also  associ- 
ated  with  adverse  health  and  environmental  effects  at  high  exposure 
levels.  Several  studies  have  examined  the  question  of  whether  arse- 
nic  residues  in  wastes  from  arsenical-medicated  animals  and  in  crop- 
land,  where  these  wastes  are  applied,  can  cause  toxic  effects  on 
plants  and  soil  organisms.  These  studies,  although  limited  in  scope, 
detected  no  such  effects.  However,  long-term  effects  have  not  been 
studied  to  the  extent  needed,  especially  since  some  arsenic  compounds 
have  been  associated  with  cancer  in  humans.  (See  A.2.10.  for 
details.)  There  are  also  significant  gaps i n  the  environmental  data 
for  several  other  substitute  drugs  which  prevent  a  more  definitive 
conclusion  about  the  environmental  effects  associated  with  the  use 
of  substitute  drugs  (Table VIII). 

b.  Since  an  animal  producer  would  have  to  obtain  a  veterinar- 
ian's  order  before  he  cou1.d  obtain  medicated  animal  feed  containing 
tetracyclines  ("distributi.on  controls"  proposal),  increases  in 
demand  for  veterinarians  for  this  purpose  are  probable.  Prediction 
of  the  level  of  demand  for  veterinarian's  orders  for  restricted 
medicated  feeds  is  not  possible  since:  (1)  quantitative  data  are 
not  available  on  how  often  tetracyclines  and  other  antibacterial 
drugs  are  presently  used  for  a  particular  indication  and (2) it is 
not  known  how  often  animal  producers  will  elect  to  use  non-drug 
oriented  disease  prevention  measures  or  unrestricted  antibacterials 
in  lieu  of  a  restricted  subtherapeutic  antibacterial  in  animal 
feed.  However,  at  the  informal  public  hearings  held  by  the  FDA  on 
the  "distribution  controls"  proposal,  the  American  Veterinary 
Medical  Association (AVMA) endorsed  control  by  veterinarians  of  the 
restricted  uses  should  a  distribution  controls  regulation be 
implemented. 

4 . 3 . 4 .  Uncertainties 

a. It is  uncertain  whether  there  would  be  increased  excretion 
by  farm  animals  of  Gram-negative  bacteria (E. coli  and  Salmonella) 
with  the  increased  use  of  substitute  drugs,  many  of  which  affect 
primarily  Gram-positive  bacteria.  Data  on  this^ effect  conflict  with 
each  other,  as  outlined  below,  and  do  not  permit  an  accurate  pre- 
diction  of  the  potential  for  these  organisms to spread  to  wildlife, 
farm  animal  and  human  populations. 

In a  short,  two-week  study,  Kobland  and  Gustafson (1977) examined 
Salmonella  spread  from  inflected  to  non-infected  chickens  when  both 
groups  were  medicated  with  various  antibacterial  drugs.  They  found 
that  drug-sensitive  Salmonella  typhimurium  spread  from  infected 
(seeded)  to  non-infected  chicks  given  either  virginiamycin,  bamber- 
mycins ( 3 . 3  ppm in feed),  tylosin (44  ppm),  or monensin (110 ppm). 
They  examined  samples  of  excreta 2, 6 ,  and 13 days  after  seeding. 

- 
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Chlortetracycline (220 ppm)  in  the  diet  reduced  the  spread  of  drug- 
sensitive  Salmonella  but  not  the  spread  of  tetracycline-resistant 
Salmonella  from  the  seeded  chickens to non-infected  birds. 

On the  other  hand, no increase in Salmonella  or E. coli  shedding 
(excretion)  was  found in s,tudies  submitted  to FDA by  firms  manufac- 
turing  erythromycin,  virginiamycin,  oleandomycin,  bambermycins, 
monensin,  bacitracin,  and  lincomycin. 

H. W. Smith  and  Tucker  (1975b), in a 3 1/2 month  study,  found  little 
difference  in  drug-sensitive  Salmonella  shedding  between  experi- 
mentally  infected  chickens  fed  virginiamycin  at  10  or 100 ppm  and 
unmedicated  controls;  there  was  slightly  more  excretion  of  the S .  
typhimurium  in  groups  fed  bambermycins  and  tylosin.  Chicks  givGn 
bacitracin  differed  little  from  controls  in  rates  of  shedding. In a 
similar  study,  Smith  and  Tucker  (1975a)  found  that  feeding  ampicillin 
(a  modified  penicillin),  neomycin  or  streptomycin  at 500 g/ton  of 
feed  (all  therapeutic  levels)  reduced  the  quantity  of S. typhimurium 
and E. coli  excreted  by  chickens.  Tetracyclines  had no effect  upon 
the  excretion  of  the  drug-sensitive S. typhimurium  due  to  the  emer- 
gence of drug-resistant  strains  durizg  the  test  period.  At 100 
g/ton,  total E. coli  and  Salmonella  resistant  to  ampicillin  in- 
creased,  althzugh  there  was  an  early  depression  of  excretion.  With 
oxytetracycline  at  the  same  rate,  there  was  little  difference  from 
non-medicated  chicks  in  quantities  of  these  bacteria  excreted,  but 
many  tetracycline-resistant  Salmonella  and E. coli  strains  emerged. 
Using  similar  methods,  Smith  and  Tucker ( J .  a. Camb. 80:217(1978)) 
found  that  feed  medicated  with  lincomycin-or  tylosin  favored 
colonization  of  the  intestinal  tracts  of 4 day  old  chicks  with 

-- 

- -  

- 

- -  

experimentally  administered S. typhimurium  as  shown  by  excretion  of 
the  bacteria  for  longer  perizds  and  in  higher  numbers  than  unmedi- 
cated  controls.  Monensin,  roxarsone,  and  arsanilic  acid  were  without 
obvious  effect.  When  infections  were  allowed  to  be  spread  from 
infected  chicks,  the  same  patterns  were  found  except  that  arsanilic 
acid  appeared to hinder  the  development  of  infection. 

Rollins  et  al.  (Abstract  107,  17th  Interscience  Conf.  on  Antimicro- 
bial  Agents,  1977)  found  that  beagle  dogs  fed  virginiamycin  or 
penicillin  developed E .  coli  with  increased  incidence of resistance 
to  ampicillin,  tetracyclines,  and  dihydrostreptomycin. 

-- 
- -  

b.  Much  environmental  data  useful  for  determining  the  potential 
for  toxic  effects  due to environmental  residues  of  substitute  drugs 
are  missing or incomplete.  Table  VI11  shows  a  number  of  areas  for 
substitute  drugs,  as  well as tetracyclines,  penicillin,  and  their 
combinations,  where  important  animal  excretion,  environmental 
persistence,  environmental  mobility,  and  toxicity  information  are 
incomplete.  These  data  were  requested  from  the  producers  of  the 
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drugs and  from the   genera l   publ ic  on May 27,  1977  (42 FR 27264- 
27266). The q u a n t i t i e s  of t e t r a c y c l i n e s ,   p e n i c i l l i n ,  and  combina- 
t ion  drugs and t h e i r   p o t e ~ n t i a l   s u b s t i t u t e s   c u r r e n t l y   u s e d   a r e   n o t  
known. Furthermore,   the   changes  in   quant i ty   of   subst i tute   drugs 
used  as a r e s u l t  of the  proposed  actions  cannot  be  estimated,  since 
the  user  w i l l  usua l ly   have   severa l   subs t i tu te   d rugs  to choose  from 
f o r  any par t icu lar   need .  

c.  The extent  to  which the  proposed  actions w i l l  a c t u a l l y  
decrease  the  subtherapeut ik  use  of t e t r acyc l ines   i n   an ima l   f eeds  i s  
uncertain  for  the  reasons  discussed  in  4.3.1.  above. We bel ieve ,  
however, tha t   the   reduct ions  w i l l  be   s ign i f i can t .  

d. A s  d i scussed   i n  4 . 3 . 2 . ,  some animal  producers  and  veteri- 
na r i ans   be l i eve   t ha t   t e t r acyc l ines  and p e n i c i l l i n  are more e f f e c t i v e  
for  given  indications  than  substi tute  drugs.   Although  there are 
some d a t a   i n d i c a t i n g   v a r i a b i l i t y  among a n t i b a c t e r i a l s   f o r  some indi-  
cations,   such as improved r a t e  of  weight  gain and feed   e f f ic iency ,  
these   da ta   a re   l imi ted  and  have  not  been  analyzed  to  determine i f  
s t a t i s t i c a l l y   s i g n i f i c a n t   d i f f e r e n c e s   e x i s t .  The  Bureau  does  not 
r equ i r e   t ha t  new drugs  be compared wi th   o the r s   t o  show r e l a t i v e  
effectiveness.  Rather,  comparisons  are made with  non-medicated 
controls.   Environmental   stresses,   such  as  crowding  and  sanitation, 
affect   the  performance  of  animals and c o n t r i b u t e   t o   t h e   v a r i a b i l i t y  
observed  between tests f o r   t h e  same a n t i b a c t e r i a l .  

e .  The ex ten t   t o  which there  w i l l  be   an  increase  in  demand f o r  
t he   s e rv i ces  of ve t e r ina r i ans  by animal  producers  as a r e s u l t  of t h e  
proposed  actions  cannot  be  quantified, as d i scussed   i n  4 . 3 . 3 . b .  We 
a n t i c i p a t e   t h a t  any i n c r e a s e s   i n  demand of v e t e r i n a r i a n s  w i l l  be f o r  
the  determination  of  the  need  for and the   o rder   for   t e t racyc l ine-  
medicated  feeds  for any spec i f ic ,   un ique   ind ica t ions   tha t  BVM would 
permit  to  continue. We expect no increases   in   animal   morbidi ty  and 
m o r t a l i t y   t o  resul t  from the  proposed  act ions  s ince  there  w i l l  be 
subtherapeut ic   drugs  for  all1 p r e s e n t   i n d i c a t i o n s ,   e i t h e r   s u b s t i t u t e  
drugs  or   te t racycl ines .   Therefore ,  w e  expect no increased  need  for  
ve t e r ina r i ans  to  administer  therapeutic  drugs  to  sick  animals.  How- 
ever ,  as noted   in  d. above:, some persons  dispute   the  effect iveness  
of subs t i tu te   d rugs .   I f   subs t i tu te   d rugs  were  indeed  not  as  effec- 
t i v e   a s   t e t r a c y c l i n e s  and pen ic i l l i n   fo r   t he   i nd ica t ions   be ing  
restr ic ted,   there   might   be  increases   in   animal   morbidi ty  and mortal- 
i t y   o r   dec reases   i n   an ima l   p roduc t iv i ty .  The Bureau  would  then  have 
the   op t ion   of   a l lowing   te t racyc l ines   o r   penic i l l in   to   be   used   for  
those  indicat ions  where  subst i tutes  were inadequate   o r   re ly ing  upon 
increased   therapeut ic   care  of animals by ve te r ina r i ans .  
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4.4. Other Regulatory  Alternat ives  

Regulatory  a l ternat ives ,   including  the  proposed  act ions,  were formu- 
l a t e d   t o   a d d r e s s  the animal  and human health  problems  associated 
with  the  subtherapeut ic  u.se of ant ibac ter ia l s   in   an imal   feeds   on ly  
(2. and  4.1  above).  However,  other uses of a n t i b a c t e r i a l s   i n   a n i -  
mals and  humans are within  the  scope of the  FDA s t a t u t o r y   a u t h o r i t y  
and o ther   agr icu l tura l   uses   o f   an t ibac te r ia l s   a re   cont ro l led  by the  
Environmental   Protection Agency. Since  these  uses may also  contr ib-  
u t e  to  the  problem,  possible  approaches  to  examining  these  uses  are 
considered  in  4.7.  Supplemental  Actions.  These  supplemental  actions 
may be   appl ied   to  any regula tory   a l te rna t ive   chosen   for   dea l ing   wi th  
subtherapeut ic   animal   feed  uses   of   ant ibacter ia ls   to   yield a more 
integrated  Federal   approach  to  the  problem. 

4.4.2. Alternatives  Considered  but  Rejected as In feas ib l e  

Since  the  major  concern i s  tha t   d rug- res i s tan t   bac te r ia   harbored  
in  domestic  farm  animal  populations  might  spread  to  cause  infections 
i n  man and a l s o   t r a n s f e r   d r u g   r e s i s t a n c e   t o  human pathogens,  one 
approach  that  was considered was to  prevent  the  spread of the 
b a c t e r i a  from  animals  to ]man, ra ther   than  to   reduce  the  incidence 
of d rug- re s i s t an t   bac t e r i a   i n   t he   an ima l   popu la t ions .   In spec t ion  
of Figure 1 (Sec.  2.1.1.) shows t h a t   t h e r e   a r e  a number of routes  
through  which  bacteria  sp.read  to man: ( 1 )  d i rec t   con tac t  of r u r a l  
popula t ions   in   an imal -producing   fac i l i t i es  and  workers i n  a b a t t o i r s  
and poultry  packing  plants  with  infected  farm  animals and t h e i r  
wastes; (2 )  con tac t   w i th   bac t e r i a   i n   r i ve r s ,  streams, and the   sea  
t h a t  w e r e  shed by farm  animals and ca r r i ed  by runoff   into  these 
water bodies;  and (3)  contact   wi th  bacter ia   during  the  handl ing,  
prepara t ion ,  and ea t ing  o:E meat and poultry  products.   Therefore,  
to   prevent   the  spread  of   drug-resis tant   bacter ia ,  one  might  care- 
f u l l y   c o n t a i n  and s t e r i l i z e   a l l  farm  animal  wastes and d i s i n f e c t   a l l  
meat  and pou l t ry   p roduc t s   a t   t he  time of s laughter .   Careful  
a t t en t ion   t o   p reven t ing   bac t e r i a l   con tamina t ion  of  workers on farms 
and in   p rocess ing   p l an t s  would  be  necessary. Such  an  approach was 
dismissed as infeasible   because:  ( 1 )  it  is  not  established  whether 
f r e s h  meat  and poul t ry   products   could  be  safely  dis infected  before  
marketing  to  consumers  using  present  technology; (2 )  t he re   a r e  
probable   high  costs  and s ta te -of - the-ar t   l imi ta t ions   involved   in  
fur ther   p ro tec t ing   fa rm and  meat processing  workers  from  bacterial  
contamination; ( 3 )  i t  i s  not   c lear   that   Federal   agencies  f presently 
have  the  authori ty  and manpower t o  implement  and enforce  the 
r e g u l a t i o n s   t h a t  would be  necessary.  

4.4.2.  Al te rna t ive  1 - No Action 

Under t h i s   a l t e r n a t i v e ,  al.1 present   subtherapeut ic   uses   for   ant ibac-  
terial  drugs  in   animal   feeds would cont inue   wi thout   res t r ic t ion .  
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4.4.2.1. Approach to   the  Problem 

. 

The environmental  pool of drug-res i s tan t   bac te r ia  would cont inue   to  
grow, p o t e n t i a l l y   r e s u l t i n g   i n  a compromise of   the   e f fec t iveness   o f  
p e n i c i l l i n  and t e t r a c y c l i n e s   i n   t r e a t i n g ,   c o n t r o l l i n g ,  and  pre- 
venting  animal  and human d iseases .  "NO Action"  does  not  address  the 
need  for   control l ing  the  spread  of   drug-resis tant   pathogens  to  man 
and resul ts   in   cont inued  occupat ional   exposure  to   drugs  which  can 
cause   hype r sens i t i v i ty   r eac t ions   i n  man. (See  Appendix A f o r   r e p o r t s  
on hype r sens i t i v i ty   r eac t ions   r e su l t i ng   f rom  c l in i ca l  and  occupa- 
t iona l   exposures   to   ind iv idua l   d rugs . )  However, because  antibac- 
t e r ia l  drugs would  be  mar 'keted  without  further  restriction,  continued 
b e n e f i t s  of these  drugs  could  be  ant ic ipated  in   rear ing  domest ic  
animals   unt i l   such time as the  effect iveness   of   these  drugs became 
s e r i o u s l y  compromised. 

One al ternat ive  proposed 'by the  National  Advisory Food and  Drug 
Committee (NAFDC) w a s  no t   cons idered   to   be   s ign i f icant ly   d i f fe ren t  
from "No Action" i n   e i t h e r  i t s  addressing  of human and animal hea l th  
problems  or i n  terms of  environmental  impact and i s ,  therefore ,  
considered  here   as  a va r i an t  of the "No Action"  Alternative.  Under 
this   opt ion,   animal   producers  and feed mills would no longer  be 
permi t ted   to  buy p e n i c i l l i n  and te t racycl ine  premixes  for   preparing 
medicated  animal  feeds  un:less  they had received FDA-approved medi- 
cated  feed  applications  (form FD 1800). The prepared  feed would 
cont inue to  be  sold  over-the-counter  to  animal  producers,  however. 
Mixing by authorized  feed mills could  reduce  the  opportunity  for 
t e t r acyc l ines  and p e n i c i l l i n   t o   b e  added t o  animal  feed a t  concen- 
trations  or  in  drug  combinations  not  approved by FDA. The mixtures 
would b e   s u b j e c t   t o  FDA labe l ing   cont ro ls ,  FDA inspection  of  feed 
m i l l  f a c i l i t i e s  and routine  feed mill assay  of   representat ive 
batches  of  finished  medicated  feeds. The option  does  have  the 
advantage  that   the  required FD 1800's would enable FDA to   ob ta in  
data   regarding  the amounts: of p e n i c i l l i n  and t e t r acyc l ines   be ing  
used in   an ima l s   sub the rapeu t i ca l ly .   A l though   t h i s   a l t e rna t ive  was 
suggested by the  NAFDC, i t  does  not  effectively  address  the  problems 
associated  with  the  subtherapeut ic   use of a n t i b a c t e r i a l s   i n   a n i m a l  
f e e d s ,   i n   g e n e r a l .   F i r s t ,  we do not know  how of ten   feed  mills and 
growers  prepare  medicated  feeds  in  drug  concentrations  or combina- 
tions  not  approved by FDA. However, we be l i eve   t he  amount of an t i -  
bacterials  involved  to  be  small  compared wi th   the   to ta l   subthera-  
peutic  use  of  these  drugs.   Since  the  presently  approved  animal uses 
of t e t r a c y c l i n e s  and p e n i c i l l i n  would not   be  affected by t h i s  
a l t e r n a t i v e ,   t h e r e  would probably  be l i t t l e  change i n   t h e   q u a n t i t i e s  
of a l l  an t ibac te r i a l   d rugs  used  or i n  animal management p rac t i ces ,  
as   long  as   the  drugs  remained  effect ive.   Therefore ,   th is   act ion 
would have l i t t l e  or  nQ impact in   reducing   se lec t ive   p ressure   for  
both  Gram-positive  and  Gram-negative  pathogens r e s i s t a n t   t o   t e t r a c y -  
c l i n e s  and p e n i c i l l i n .  Drugs t h a t   f a i l e d  to meet the  FDA animal and 

. ._ . 
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human h e a l t h   c r i t e r i a   d e s c r i b e d   i n   S e c t i o n  2 would cont inue   to   be  
marketed in  the  absence  of  mitigating  measures.   Thus,   with  respect 
to  solving  the  animal  and human health  problems  associated  with 
subtherapeutic  use  of  drugs  in  animal  feed,  the NAFDC suggestion is 
s imi l a r  to  Al t e rna t ive  1,  "No Action." 

4.4.2.2. Benefi.cia1  Environmental  Impacts 

The "No Action"  alternati .ve  does  not  provide  any  beneficial   long 
term environmental  changes.  For  the  short term, a t  least, "No 
Action" r e s u l t s   i n  no s i g p i f i c a n t  change  f rom  the  present   s ta te   for  
most environmental   factors,  i .e. the  current   levels   of   use  of t e t r a -  
cyc l ines ,   penic i l l in ,   combina t ions ,  and subs t i t u t e   d rugs  would  con- 
t inue ,   tox ic   e f fec ts   tha t :   these   d rug   res idues  may have on b e n e f i c i a l  
s o i l   b a c t e r i a  and  possib1.y  other  organisms would continue a t  present  
l eve l s ,   t he   l eve l s  of  pathogens  shed by farm  animals would  remain 
unchanged f o r   t h e   s h o r t  term, no  immediate  changes i n   t h e  manner i n  
which  animals  and the i r   was tes   a re  managed could  be  expected, and 
the re  would be no i m e d i a . t e  change in   g ra in ,   meat ,  and  energy con- 
sumption  (Table X I ) .  I n   t he   l ong  term, however, "No Action" may 
r e s u l t  i n  changes i n  some of these  factors   as   discussed  below  under  
Adverse  Environmental  Impacts. 

4.4.2.3. Adverse  Environmental  Impacts 

In   the   long  term, "No Action" may resul t   in   environmental   changes-of  
an adverse  nature .   These  are   l is ted below: 

a.  "No Action"  allows  the  present  uses of p e n i c i l l i n  and t e t r a -  
cycl ines  and o ther   d rugs   to   cont inue ,   wi th   the   resu l t   tha t  drug- 
res i s tan t   bac te r ia ,   inc luding   pa thogens ,  would continue  to  develop 
i n  farm  animal  populations,   enter and accumulate in  the  environment.  
The environmental   reservoir of pa thogenic   bac te r ia   inc ludes   bac te r ia  
p r e s e n t   i n   s o i l ,   w a t e r ,  and wi ld l i f e .   I nc reases   i n   d i sease  among 
w i l d l i f e  would  depend upon (1 )  whether  drug-resistant  pathogens  from 
farm  animal  populations  added  to,  rather  than  replaced,  the  popula- 
t i o n s  of  pathogens  already  present  in  the  environment, and ( 2 )  
whether  drug-resistant  pathogens  were as v i r u l e n t  as drug-sensi t ive 
s t r a ins .   (Sec t ion  2 . 1 . 1 .  (discusses  the  spread  of  both  drug-sensitive 
and res i s tan t   pa thogens  from  farm  animals  to  wildlife.) 

b. As the  environmental   reservoir of d rug- re s i s t an t .bac t e r i a  
increases ,   the   probabi l i ty   that   drug-resis tant   pathogens w i l l  develop 
inc reases .   I f   t he   e f f ec t iveness  of p e n i c i l l i n  and t e t r a c y c l i n e s  i s  
compromised for t r ea t ing   i nc reas ing ly   d rug - re s i s t an t   bac t e r i a l  
pathogens,   then,   in   the  long term, changes i n  animal management 
p r a c t i c e s  w i l l  be  required  in  order  to  control  disease.   This  means,  
p r imar i ly , . i nc reased   u se  of subs t i t u t e   sub the rapeu t i c  and thera- 
peutic  drugs,   with  consequent  increases i n  b ioac t ive   r e s idues  of 
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TABLE XI 

Environmental  Changes  Associated  with  the "No Action"  Alternative 1. 

Change 

+3 +2 +1 0 -1 -2 -3 
Beneficial <-> Adverse 

Environmental  Factors 

1 .  Spread  of  pathogens  from  domestic 
(farm)  animals  to  wildlife 

0 Short  term 
0 Long  term 

2. Changes  in  animal  management  practices 
Toxic  effects  of  &viron&ental 
residues  of  penicillin,  tetracyclines, 
and  combination  drugs  on  micro- 
organisms,  plants,  wildlife 
Toxic  effects  of  environmental  resi- 
dues  of  substitute  drugs  on  micro- 
organisms,  plants,  wildlife 
0 Short  term 
0 Long  term 
Changes  in  waste  management  practices, 
disinfectant  use at animal-rearing 
facilities 
0 Short  term 
0 Long  term 
Changes  in  land  use  patterns  for 
animal-rearing  and  for  growing  animal 
feed 
0 Short  term 
0 Long  term 

3.  Socioeconomic  effects 
0 Availability  of  grsain  and  meat 

0 Short  term 
0 Long  term 

0 Short  term 
0 Long  term 

0 Short  term 
0 Long  term 

0 Changes  in  energy  consumption 

0 Demand  for  and  cost  of  veterinary  care 

X 
X? 

X 

X 
X? 

X 
X? 

X 
X? 

X 
X? 

,% x 
X? 

X 
X? 



-82- . 

some of   these   subs t i tu tes   en te r ing   the   envi ronment   ( see   Table  VI11 
fo r   env i ronmen ta l   e f f ec t s ) .   I nc reased   a t t en t ion   t o   o r ,   poss ib ly ,  
development  of new waste and f a c i l i t i e s  management procedures  which 
promptly remove  and e f f ec t ive ly   t r ea t   i n fec t ious   was t e  and  contami- 
nated  housing  (with  consequent   potent ia l   increases   in   the  use  of  
d i s infec tan t   chemica ls   tha t  may or  may not  have  been  examined  for 
environmental   impacts  associated  with  their   use),  and the   r ea r ing  of 
domestic  animals i n  less dense  populat ions  to   prevent   disease  spread 
(with  consequent  increased  land  requirements) would probably  be  the 
a l t e r n a t e  methods that  could  be  used  to  control  pathogens,   both 
drug-res i s tan t  and sensi t ive.   (See 4.2.2. f o r  more discussion  of 
impacts  associated  with  changes  in  animal and waste management.) 
These  alternate  methods would probably  not  be  widely  used so long as 
subtherapeut ic  and therapeut ic   drug  subst i tutes   were  avai lable .  

c .   I f   a l l   a l t e r n a t e  animal management p r a c t i c e s   i n   b .  above 
fa i led   to   cont ro l   d rug- res i s tan t   pa thogens ,   then  i t  would be   poss ib le  
t h a t   t h e   a b i l i t y  of  the  animal  industry  to  supply meat  from  domestic 
animals would  be  decreased. Some management pract ice   changes  in   b . ,  
while  al lowing  the  production  of  animal  protein  for humans t o  remain 
the  same, could  entail   increased  costs  of  production  or  increased 
use  of   feed  grains   or   land  for   ra is ing  animals .   These  increased 
cos t s  would probably  be  ref lected  in   the  pr ice  of meat. Reduced 
market  for meat  could r e s u l t ,   w i t h  consumers t u r n i n g   t o   l e s s  expen- 
s ive  sources  of protein.  For  example, i f   s u b s t i t u t e   s u b t h e r a p e u t i c  
drugs  are more expensive  than any drugs  that  become compromised, or  
i f   admin i s t r a t ion  of therapeutic  doses  of  drugs  to  individual  sick 
animals is  much more expensive  than  feeding  drugs  subtherapeutically 
to   en t i r e   popu la t ions  of  farm  animals  not  showing c l i n i c a l   s i g n s   o f  
i l lness ,   then   these   cos ts  would probably  be  ref lected  in   meat   pr ices .  

d. While the  energy  used  to  manufacture  tetracyclines,  penicil- 
l i n ,  and subs t i tu te   d rugs  is  probably  about  equivalent,  i t  is  
poss ib le   tha t   there   could   be   increases   in   the   energy   used  to manage 
animals  (e.g. ,  from labor,  automation, waste t rea tment )   in  ways t h a t  
discourage  disease  spread. The magnitude  of  any  energy  increases 
would  depend upon the  animal management pract ices   used  and,   there-  
f o r e ,  on the  magnitude  of  disease  problems  that  result  from "No 
Action.". 

e .   I f  some ant ibac ter ia l   d rugs  do  become compromised by drug- 
res is tant   bacter ia ,   then  increased  veter inary  care   would-be  required 
for   adminis ter ing  therapeut ic   drugs t o  s ick  animals .  Drug sensi-  
t i v i t y  tests would  become almost   essent ia l   before   prescr ibing 
therapeut ic   t rea tment   wi th   an t ibac ter ia l s .   Also ,   l a rger  numbers  of 
sick  animals  might resul t  from increased  incidence of drug-res i s tan t  
pathogens in  the  environment.  
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4.4.2.4. 'Uncertainties 

. 

There  are  uncertainties  associated  with  the  quantification  of  impacts 
under  the "No Action"  alternative.  These  uncertainties  apply  pri- 
marily  to  long  term  adverse  environmental  impacts.  This  is  because 
the  time  period  until  tetracyclines,  penicillin,  or  other  antibac- 
terials  become  seriously  compromised  by  one  or  more  drug-resistant 
pathogens  is  unpredictable. If, indeed,  drug-resistant  pathogens 
have  already  developed in only  one or a  few  plasmid  transfers,  as 
the WHO (1976)  report  cited  earlier  (4.1.1. ) indicates,  then  such  a 
transfer  could  occur  today.  Uncertainties  associated  with "No 
Action"  are  described  below. 

a. The  time  required  for  tetracyclines,  penicillin  or  other 
antibacterials to become  seriously  compromised  for  their  present 
animal  and  human  uses  and  the  magnitude  of  this  compromise  cannot  be 
predicted.  Therefore,  the  time  required  for  environmental  impacts 
to be  manifested  cannot he predicted  accurately.  Although  there  are 
studies  in  human  medicine  shawing  bacterial  diseases  refractory  to 
drug  treatment  because of drug-resistance,  there  is  little  informa- 
tion  in  the  scientific  literature  and  in  studies  submitted  to BVM by 
drug  sponsors  that  thoroughly  addresses  the  problem in animals. 
Epidemiological  and  other  field  studies  might  be  able  to  better 
measure  the  degree  to  which  antibacterial  drugs  become  compromised 
by  their  subtherapeutic  use  in  animal  feeds.  However,  it  is  possi- 
ble  that  such  studies  could  only  detect  serious  compromises  of 
therapy  which  could  not  be  easily  corrected,  once  such  compromises 
occurred.  The  overall  rate  at  which  resistant  bacteria  are  devel- 
oping  and  proliferating  is  not  known.  Therefore, it is not  possible 
to  accurately  predict  the  rate  at  which  the  environmental  pool  of 
pathogenic  bacteria  is  increasing  nor  is it presently  possible  to 
determine  the  extent  to  which  drug-resistant  pathogens  contribute  to 
the  present or future  rate  of  domestic  farm  animal  morbidity  and 
mortality. 

b. We cannot  presently  determine  the  types  and  magnitudes  of 
environmental  impacts  that  would  be  associated  with  changes in animal 
management  practices  resulting  from  the "No Action"  alternative. 
First,  the  quantities  of  each  substitute  drug  that  may  be  used  in 
response  to  compromised  effectiveness  of  tetracyclines  or  penicillin 
(see a.) cannot  be  predicted.  Second,  as  noted  in c. below,  data 
are  incomplete  on  the  environmental  impacts  associated  with  the  use 
of  most  antibacterial  drugs  in  animal  feeds.  Third,  to  the  extent 
substitute  drugs  failed  to  fully  replace  compromised  drugs,  a  variety 
of  animal  management  practices  and  waste  treatment  measures  could  be 
instituted  by  animal  producers,  all  of  which  have  different  environ- 
mental  impacts.  One  concern  would  be  the  increased  use of chemical 
disinfectants to sanitize  animal  rearing  and  transport  facilities. 
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We do  not  currently  have  information  to  develop  a  list  of  these 
disinfectant  products  and  to  identify  any  environmental  impacts  asso- 
ciated  with  their  use.  New  disinfectants  could  also be marketed,  if 
the  demand  for  them  expa~nded  the  present  market. 

c. As  is  shown in Slection 3,  data  are  incomplete  on  the  quan- 
Fities  of  tetracyclines,  penicillin,  combination  drugs,  and  substi- 
tute  drugs  entering  the  environment  through  manufacturing  wastes  and 
excretion  by  target  animals,  the  persistence of these  residues,  and 
the  likely  effects  on  exposed  organisms.  These  data  were  requested 
from  the  manufacturers o f  the  drugs ( 4 2  FR 27264-27266, May 27 ,   1977)  
and  the  applicable infomation received  is  reflected in this 
Environmental  Impact  Statement. 

d. Increases in demand  for  veterinarians  to  treat  (therapeutic 
levels  of  drugs)  diseased  animals  as  a  result  of  compromised  disease 
control  and  prevention  (subtherapeutic)  indications  for  tetracy- 
clines,  penicillin,  or  other  antibacterials  are  dependent  upon  the 
extent  to  which  such  compromises  occur. As explained  in  a.  above, 
the  magnitude  of  this  effect  cannot  be  quantified,  although  the 
probability  of  its  occurrence  increases  with  time  and  with  increases 
in  the  environmental  pool  of  drug-resistant  microbial  genetic 
material  (see 4.1.1.).  The  same  uncertainty  applies  to  other  socio- 
economic  effects  such  as  the  availability  of  grain  and  meat  and 
energy  consumption. 

4.4.3.  A1ternat:ive 2 - Complete  Restriction of 
Subtherapeutic  Use  of  Penicillin  and 
Tetracyclines  in  Animal  Feed 

Alternative 2 provides  that  all  subtherapeutic  animal  feed  uses of 
penicillin  and  tetracyclines  be  prohibited,  including  those  label 
claims  for  which  no  subst:itute  drugs  are  currently  available. 
Therapeutic  uses  in  animails  of  these  drugs  would  be  continued,  as 
in  the  proposed  actions  and  the "No Action"  alternative. 

4.4 .3 .1 .  Approach  to  the  Problem 

The  potential  for  subtherapeutic  animal  feed  uses  of  tetracyclines 
and  penicillin  to  compromise  the  effectiveness  of  therapeutic  animal 
uses  of  these  drugs,  as  well  as  human  uses,  would  be  reduced  under 
Alternative 2 provisions to a  greater  extent  than  expected  for  the 
proposed  actions.  This  is  due  to  the  elimination  of  the  seven 
subtherapeutic  uses of tetracyclines  in  animals  (which  are  poten- 
tially  large  uses,  see 4 .3 .1 . )  that  would  be  allowed  by  the  proposed 
actions . 
The  potential  for  linkage  of  pathogenicity  factors  (genes)  with 
factors  for  drug  resistance  (R-factors) on transmissible  plasmids is 
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also reduced  compared to   the  proposed  act ions  due  to   the  increased 
l i m i t a t i o n  On t e t racyc l ine   use .   Whi le   th i s   po ten t ia l  s t i l l  e x i s t s ,  
Gram-negative bac te r i a   w i th   t r ansmiss ib l e   t e t r acyc l ine  and  peni- 
c i l l i n   r e s i s t a n c e  are reduced  to  the lowest frequency  possible   ( for  
r e g u l a t o r y   a l t e r n a t i v e s  s t i l l  re ta in ing   therapeut ic   uses   in   an imals )  
thereby  reducing  the  chances  of  l inkage  with  pathogenicity  factors.  
Linked  pathogenici ty   factors  and  drug-resis tance  factors   that   d id  
occur would not   be  expected  to   prol i ferate  more quickly  than 
bac ter ia   wi th   the   pa thogenic i ty   fac tors   a lone ,   s ince   bac te r ia  
possess ing   drug   res i s tance  and pa thogenic i ty   fac tors ,  would  have 
no se lec t ive   advantage   over   bac te r ia   l ack ing   drug   res i s tance   un less  
t he re  were continuous  presence of the   res t r ic ted   d rugs .  

The occurrence  of  Gram-negative  drug-resistant  bacteria  (both  patho- 
gens and non-pathogens)  should  be  reduced  to  an  increasing  extent as 
more drug-resistant  transmissible  plasmids  disappear  from  the Gram- 
negat ive  bacter ia l   gene  pool  due to   t he   r educ t ion   i n   t he   s e l ec t ive  
advantage  of  possessing  IR-factors  for  tetracyclines and p e n i c i l l i n .  
Gram-pos i t ive   bac te r ia   res i s tan t   to   t e t racyc l ines  and p e n i c i l l i n  
should  likewise  be  reduced. However, increased  use  of   subst i tute  
drugs may r e su l t   i n   i nc reases   i n   t he   f r equency  of  plasmid-mediated 
t r a n s f e r r a b l e   d r u g   r e s i s t a n c e   i n  Gram-negative b a c t e r i a  and  increased 
MLS r e s i s t a n c e  among Gram-posit ive  bacteria  as  discussed  for  indi-  
v idua l   d rugs   i n  Appendix A (streptomycin,  A.1.2.5.2;  neomycin, 
A.1.4.5.2.;  sulfonamides,  A.1.5.5.2.;  tylosin,  A.2.2.5.2.;  Virginia- 
mycin,  A.2.3.5.2.;  lincomycin,  A.2.5.5.2.;  erythromycin, A.2.8.5.2.; 
oleandomycin,  A.2.9.5.2.).  Increased  presence  of  drugs  which  act 
p r imar i ly  on Gram-pos i t i ve   bac t e r i a   i n   t he   i n t e s t ina l   t r ac t s  of  farm 
animals  provides a select ive  advantage  to   drug-resis tant  Gram- 
p o s i t i v e   b a c t e r i a  which p e r m i t s   t h e i r   p r o l i f e r a t i o n .  

A l t e rna t ive  2 c o u l d   a l s o   r e s u l t   i n  minor increases   in   the   p reva lence  
of drug-sensit ive  pathogens.   This i s  because some subtherapeut ic  
claims  for  animal  disease!  control would b e   r e s t r i c t e d   f o r   t e t r a -  
cyclines  where no subtherapeut ic   subst i tute   drugs  with  s imilar   c la ims 
are   ava i lab le   (Table   11) .  (There a re   subs t i t u t e   d rugs   fo r  a l l  sub- 
the rapeu t i c   pen ic i l l i n   c l a ims . )  Non-drug or iented  disease  preven-  
t ion  measures ,  as describled in  4.2.2. ,   possibly  could  be  used  instead 
of   subtherapeut ic   an t ibac ter ia l s   for  some d iscont inued   te t racyc l ine  
uses .   Therapeut ic   te t racycl ines  and p e n i c i l l i n ,   a s  w e l l  a s   o the r  
therapeut ic   d rugs ,  would con t inue   t o   be   ava i l ab le   t o   t r ea t  and 
prevent  spread  of  these  pathogens  once  their   presence was diagnosed 
as a problem.  The time between  the  onset  of  disease  and i t s  diag- 
nos i s  and treatment would provide some opportuni ty   for   spread of 
d i sease  to  other  animals,  however.  With  prompt d iagnos is  and t r e a t -  
ment of   diseased  individuals ,  we bel ieve  these  increases   should  be 
smal l   in   the   p ropor t ion  of the  food-producing  animal  population  with 
d i seases   fo r  which t e i r acgc l ines  were the  only  subtherapeutic  drugs 
ind ica ted   for   d i sease   p revent ion   or   cont ro l .  
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Occupat ional   and  t issue  res idue  exposure  to  humans resu l t ing   f rom 
the  product ion  of   subtherapeut ic   te t racycl ines  and p e n i c i l l i n   f o r  
use   in   an imals  would  pro'bably  be  reduced to  a grea te r   degree   than  
expected  for  the  proposed  actions,  due to   complete   ra ther   than 
p a r t i a l   r e s t r i c t i o n  of subtherapeutic  uses.   Occupational and t i s s u e  
residue  exposures  due to   product ion and adminis t ra t ion  of   therapeut ic  
drug  products  for  animals would c o n t i n u e ,   b u t   t h i s   a l t e r n a t i v e  pro- 
v ides   t he  maximum bene f i t s  for this   factor   that   can  be  gained  through 
r e s t r i c t ing   on ly   sub the rapeu t i c  claims for t e t r a c y c l i n e s  and  peni- 
c i l l i n   i n  animal  feeds. 

4.4.3.2.  Beneficial  Environmental  Impacts 

A l t e rna t ive  2 would  reduce  the  environmental  introduction  of tetra- 
c y c l i n e s ,   p e n i c i l l i n ,  and drugs  used  in  combination  with them by 
reducing  the  excret ion of bioact ive  res idues  of   these  drugs by t a r g e t  
animals.   Therefore,   any  effects  these  residues  have on microbial  
populat ions  in   soi l ,   feedlot   wastes   (such  as ' those  demonstrated by 
Elmund, e t  a l .  (1971)  for  tetracyclines  (see  A.1.3.5.1.)  and i n  run- 
of f   in to   s t reams and on inver tebra tes ,   p lan ts ,   and  animals etc. 
would  be  reduced  (Table X I I ) .  The magnitude  of  reduction  of  these 
e f f e c t s  would probably  be  greater  than  that   expected  for  the  proposed 
ac t ions  due to   i nc reased   r e s t r i c t ions  on the  use  of   te t racycl ines  i n  
Al t e rna t ive  2. 

-- 

4.4.3.3.  Adverse  Environmental  Impacts 

a. Anticipated small. increases  of drug-sensit ive  pathogenic 
b a c t e r i a   i n  farm  animals  (see  4.4.3.1.  above) would increase   the  
poten t ia l   for   pa thogens  t o  be  spread  through  the  environment  (Sec. 
2.1.1.1,   to man and wildl.if  e. The environmental  routes  through 
which en te r i c   bac t e r i a   sp read  from  animal  wastes t o   s o i l ,   w a t e r ,  
animals,  and humans a re  well known b u t   d i f f i c u l t  t o  cont ro l .  

b. The use  of  substi . tute  drugs would increase  under   Alternat ive 
2 t o  much the  same exten t  as with the  proposed  actions  (4.3.) .  
Increased  environmental   residues of only  those  subst i tute   drugs 
which are largely  excreted  intact   could  be  expected  with a 
consequent   potent ia l   (magni tude  s imilar  to  proposed  action,  4.3.) 
f o r   c r e a t i n g   a d v e r s e   e f f e c t s  on b a c t e r i a   i n  soil ,  feedlot   wastes ,  
i n   runof f   i n to   s t r eams ,  amd on inve r t eb ra t e s ,   p l an t s ,  and  animals 
e tc .   (See  Table  V I 1 1  and Appendix A f o r   e f f e c t s  of s p e c i f i c  
subs t i t u t e   d rugs . )  

c.  Because  there would be no subs t i tu te   subtherapeut ic   d rugs  
for some res t r ic ted   subtherapeut ic   an imal   uses  of t e t r acyc l ines ,  
more carefu l   a t ten t ion   to   an imal  management p r a c t i c e s   t h a t   h e l p  
prevent   the  introduct ion and control   the   spread of disease  might  be 
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TABLE  XI1 

Environmental  Changes  Associated  with  Alternative 2. 

Change 

+3 +2 +1 0 -1 -2 -3 
Beneficial<-> Adverse 

Environmental  Factors 

1. Spread  of  pathogens  from  domestic 
(farm)  animals  to  wildlife 

0 Short  term 
0 Long  term 

2. Changes  in  animal  management  practices 
Toxic  effects  of  environmental 
residues  of  penicillin,  tetracyclines, 
and  combination  drugs  on  micro- 
organisms,  plants,,  wildlife X 
Toxic  effects  of  environmental  resi- 
dues  of  substitute  drugs  on  micro- 
organisms,  plants,,  wildlife 
0 Short  term 
0 Long  term 
Changes  in  waste  management  practices, 
disinfectant  and  pesticide  use  at 
animal-rearing  facilities 
0 Short  term 
0 Long  term 
Changes in land  use  patterns  for 
animal  rearing and for  growing  animal 
feed 
0 Short  term 
0 Long  term 

3. Socioeconomic  effects 
Availability  of  grain  and  meat 
0 Short  term 
0 Long  term 

0 Short  term 
0 Long  term 

0 Short  term 
0 Long  term 

0 Changes  in  energy  consumption 

0 Demand  for  and  cost  of  veterinary  care 

X? 
X? 

X 
X 

X? 
X? 

X? 
X? 

X? 
X? 

X? 
X? 

X? 
X? 

. .. . * . . .  . . .  .. 
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inst i tuted  (See  4 .2 .2 .  Changes i n  Animal  Management P r a c t i c e s ) .  
Some of these  measures m;sy have  adverse  environmental   effects ,   for  
example,   through  introducing  residues of t o x i c   d i s i n f e c t a n t s   i n t o  
feedlo t   runoff .   Unfor tuna te ly ,   the  Agency does  not  have  information 
which  would allow i t  to  determine what d i s i n f e c t a n t s  would be  used 
and the  environmental   impacts  associated with the i r   u se .  It is a l s o  
poss ib l e   t ha t   t he rapeu t i c   d rugs ,   i nc lud ing   t e t r acyc l ines  and  peni- 
c i l l i n ,  would be  used more f requent ly   to   t rea t   an imals   dur ing   d i sease  
outbreaks   i f   p revent ion  and control  measures were not   successful .  

d. I f   i nc reased   a t t en t ion   t o   t he  management procedures  and 
therapeut ic   d rug   use   in  c:. proved  impract ical   for   control l ing  the 
few d i s e a s e s   f o r  which subs t i t u t e   d rugs  would no t   be   ava i l ab le   fo r  
subtherapeut ic   use,   then  changes  in   land  use  pat terns   for   ra is ing 
suscept ible   animals  might: be  necessary.   Raising animals i n  less 
dense  populations is one  method for   prevent ing  spread of d iseases .  
Such measures  would  require  that more land  be  used  to rear and house 
animals i n   o rde r   t o   ma in ta in   t he  same level of  production.  Increas- 
ing   the   f loor   space   per   b ro i le r   ch icken   or   tu rkey  and decreasing  the 
number of c a t t l e   p e r   f e e d l o t  pen a r e  examples of possible  measures.  
This means that  land  that:  might  otherwise  be  used  for  other  purposes 
would be  used  for  animal  production, i f   p roduc t ion  were t o   b e  
main ta ined   a t   p resent  levels. 

e. It is  poss ib l e  t h a t  there  would be  adverse  effects  on the  
a b i l i t y  of  animal  growers to   produce  animal   protein  for   consumers   i f  
t he   i nc reases   i n   i nc idence  of  drug-sensitive  pathogens  possible  under 
Al t e rna t ive  2 ,  due to   the  absence of subtherapeut ic   subs t i tu te   d rugs  
f o r  some disease  prevent ion and control   uses ,   cannot   be  control led 
e f f ec t ive ly   w i th  ( 1 )  therapeut ic   d rugs   ( inc luding   te t racyc l ines  and 
penic i l l in )   and/or  ( 2 )  more a t ten t ion   to   an imal  management p r a c t i c e s  
that  emphasize  non-drug  oriented  measures  for  preventing  intro- 
duction and spread  of  diseases  (c.  and d.   above).   Insti tution  of 
these  management measures  however,  might  require  increases i n   v e t e r -  
i na ry  care, energy,  labor,  and therefore ,   the   cos ts   requi red   to  
r a i s e  some animals.   Methods  and  data  are  not  available  that  would 
allow a good est imat ion  of   the  increases   that   might   occur ,  however 
(see Section  4.4.3.4.  below). 

4.4.3.4.   Uncertainties 

The u n c e r t a i n t i e s   f o r   A l t e r n a t i v e  2 a re   t he  same as for   the  proposed 
act ions  (4 .3 .4 . )   wi th   the  fol lowing  addi t ions:  

a. The energy  requirements  €or  different  animal management 
pract ices   discussed  in   4 .4 .3 .3 .c .  and d.  above are   no t  known t o   t h e  
Bureau. This is  i n  s p i t e  of t h e   f a c t   t h a t  some of these  management 
pract ices   have  been  used  extensively  in   the  past  and cont inue  to   be 



-89- . 

used  today. It appears  that  high-density  populations  of  subthera- 
peutically  medicated  animals  use  petro-energy  in  the  form  of  manu- 
factured  drugs,  automated  feed  processing  and  handling,  and  waste 
management  systems in exchange  for  reducing  labor  requirements. 
More  studies  are  needed t o  quantify  and  evaluate  the  petroleum  and 
human  energy  involved  with  various  high  density  and  low  density 
animal-rearing  techniques. 

b. Increases  in  the  demand  for  and  cost  of  veterinary  care  that 
might  result  from  this  alternative  cannot  be  accurately  predicted. 
Since  tetracyclines  and  penicillin  would  be  prohibited  for  subthera- 
peutic  use  in  animal  feed,  there  would  be  no  demand  for  veterinary 
orders  to  prepare  such  feeds,  as  was  the  case  for  the  proposed 
actions. On the  other  hand,  increased  use  of  therapeutic  drugs 
administered  by  veterinarians  might  result  from  Alternative 2, 
related to increases  in  diiseases  where  no  subtherapeutic  substitute 
drugs  were  available.  Th.ese  costs  could  not be estimated  without 
some  estimation  of  the  disease  problems  that  might:  result  in  spite 
of  +the  counter-measures  available ( 4 . 4 . 3 . 3 .  and 4 . 2 . 2 . ) .  

4 . 4 . 4 .  Alternative 3 - Complete  Restriction  of  All 
Subtherapeutic  Animal  Uses of Antibacterials 
Which  Select  for  Microbial  Drug  Resistance 
to  Drugs  Used  in  Human  Medicine 

This  alternative  aims  at  completely  eliminating  all  drugs  used 
subtherapeutically  in  animals  that:  are  also  used  in  human  medicine 
when  those  drugs  create  drug  resistance  in  either  Gram-negative  or 
Gram-positive  bacteria.  Furthermore,  subtherapeutic  animal  uses 
would  be  prohibited  for  drugs  that:  are  used  only in animals  when 
those  drugs  select  for  microbial  resistance  to  drugs  used  in  humans. 
Thus,  Alternative 3 goes  beyond  the  provisions of Alternative 2 by 
restricting  the  use of drugs  which  may  select  for  drug-resistant 
Gram-positive  pathogens  in  addition  to  controlling  more  completely 
all  drugs  which  select  for  drug-resistant  Gram-negative  bacteria. 
For  example,  all  drugs thi3t can  select  for  resistance to macrolides 
(including  macrolides,  such  as  tylosin  and  erythromycin,  and 
non-macrolides,  such  as  lincomycin  and  virginiamycin)  would  be 
discontinued  because  microbial  resistance  to  erythromycin,  a  drug 
used in humans,  might  develop  in  bacteria  present  in  the  animal 
population  and  spread  to  humans.  All  subtherapeutic  animal  uses  of 
penicillin,  tetracyclines,  sulfonamides,  neomycin,  erythromycin  and 
probably  other  drugs,  would  be  discontinued  because  they  are  used  in 
human  medicine  and  select  for  drug-resistant  bacteria.  Tylosin, 
virginiamycin,  lincomycin,,  and  oleandomycin  subtherapeutic  animal 
uses  would  be  discontinued  because  they  could  encourage  the  prolif- 
eration of bacteria  resist:ant  to  erythromycin. 
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4.4.4.1.  Approach to   the  Problem 

. 

Al te rna t ive  3 is the   s t ronges t   ac t ion   r e s t r i c t ing   sub the rapeu t i c   u se  
of an t ibac te r i a l   d rugs   i n   an ima l s  and i s  t h e  most e f f e c t i v e  of t he  
a l te rna t ives   cons idered   in   avoid ing  a compromise  of effect iveness   of  
t h e s e   a n t i b a c t e r i a l s  as they   a re   used   therapeut ica l ly   in  humans and 
an ima l s .   Po ten t i a l   a l l e rg i c   hype r sens i t i v i ty  and tox ic   r eac t ions   i n  
occupationally  exposed humans would also  be  reduced  to   the maximum 
ex ten t   fo r   t he   a l t e rna t ives   cons ide red .   V io la t ive   t i s sue   r e s idues  
of  drugs would also  be  reduced  to   the maximum extent,   assuming  that  
animal  producers  continue  to  withdraw  from  treatment  animals  that 
have  received  therapeut ic   drugs  for   the  appropriate   per iod of t i m e  
before  marketing them. The reduct ion  of   R-factors   in   the Gram- 
negat ive  bacter ia l   populat ion  lessens  the  chances  for   l inkage  of  
these  R-factors   with  pathogenici ty   factors  on plasmids. The absence 
of cont inuous  subtherapeut ic   drug  adminis t ra t ion would prevent 
bac te r i a   t ha t   d id   ca r ry  Linked  R-factor and pa thogenic i ty   fac tors  
from  having a selective  advantage  over  those  organisms  having  patho- 
genic i ty   fac tors   a lone .  

On the   other   hand,   Alternat ive 3 has   t he   g rea t e s t   po ten t i a l   fo r  
c rea t ing   increases   in   the   envi ronmenta l   reservoi r   o f   d rug-sens i t ive  
pathogenic   bacter ia .  Many sub the rapeu t i c   u ses   o f   an t ibac te r i a l s   i n  
animals would be  disconti.nued  for  which no sub the rapeu t i c   subs t i t u t e s  
would be   ava i lab le .   Al though  therapeut ic   l eve ls   o f   these   an t ibac-  
t e r i a l   d r u g s  would be   ava i l ab le   t o  treat d isease  when i t  developed, 
t he re  is  o f t en  a period  of  pathogen  shedding  or  transmission  prior 
t o   d i agnos i s  and during  treatment of d i sease .  The less well- 
controlled  pathogens  might  be  expected t o  become  more frequent 
problems  with time, e s p e c i a l l y   i f   e f f e c t i v e  non-drug or ien ted  disease 
prevention  measures  were  not  rigorously  used  or were not   avai lable .  
To t h e   e x t e n t   t h a t   t h e r e  i s  increased  occurrence  of  pathogens among 
domestic  animals,  .there i s  increased  potential   for  spread  of  animal 
pathogens,   such  as  Salmonella  to man through  the  environmental 
routes   discussed  in   Sect ion  2 .1 .1 . .  

--, 

4.4.4.2. B'eneficial  Environmental  Impacts 

Through  reducing  the  subtherapeutic  animal  feed  use of drugs  for 
which  drug-resis tant   bacter ia   occur ,  when those  drugs are used i n  
human medicine or when t h e  res i s tance   be ing   se lec ted   for  is  t o  human 
drugs,   the   res idues of these drugs  enter ing  the  environment   via  
excre t ion  by target  animals and consequent   po ten t ia l   tox ic   e f fec ts  
on organisms i n   t h e  environment  would  be  reduced.  The  reduction i n  
sub the rapeu t i c   pen ic i l l i n  and te t racyc l ines   a lone   o r   in   combina t ions  
would be  the same as   expec ted   for   Al te rna t ive  2. Also  several  

subs t i tu te"   d rugs  would not  be  allowed  under  this  Alternative  (see 11 
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Sect ion  4.4.4.1.). The .remaining  subtherapeutic  drugs would proba- 
b ly   be   u sed   i n   g rea t e r   quan t i t i e s   t o  make  up f o r  some of  these 
reduct ions.  However, s ince  there   probably would be no ind ica t ed  
s u b s t i t u t e   f o r  many animal  conditions,   there would s t i l l  probably 
be a dec rease   i n   t o t a l   u se  of subs t i t u t e s   ove ra l l   (Tab le  X I I I ) .  

4 . 4 . 4 . 3 .  Adverse  Environmental  Impacts 

Some potent ia l   adverse  environmental   impacts   exis t   as  a r e s u l t  of 
poss ib l e   i nc reases  i n  the incidence of pa thogen ic   bac t e r i a   i n  the 
farm  animal  populations  in  the  absence  of  subtherapeutic  tetracy- 
c l ines ,   pen ic i l l i n ,   o the r   d rugs   s e l ec t ing   fo r   r e s i s t ances   i n  
Gram-positive o r  nega t ive   bac te r ia  and drug  combinations  containing 
one o r  more of the   res t r ic ted   d rugs .  

a.   Increased  incidence  of  pathogenic  bacteria among farm  animals 
increases   the  opportuni tJy  for   spread of these   d i sease   o rganisms  to  
wi ld l i fe ,   s ince   these   pa thogens   a re   o f ten   shed   in   excre ta  from  where 
they may t r a v e l   t o   s o i l  and water   outs ide  the  animal-rear ing  faci l -  
i t i e s  (Sect ion 2.1.1.). 

b. To the   ex ten t   tha t   remain ing   subtherapeut ic   subs t i tu te  and 
the rapeu t i c   d rugs   f a i l   t o   con t ro l   an ima l   d i seases ,  more a t t e n t i o n   t o  
non-drug oriented  animal management p rac t i ces  would be  expected. 
These  methods  include  disease  prevention  methods  such  as  regular 
d i s i n f e c t i o n  of f a c i l i t i e s ,  new animal   isolat ion,  and  prompt waste 
removal  and  treatment. Some of these  measures may have   po ten t ia l  
adverse  environmental   effects,   for  example,  by introducing  res idues 
of t ox ic   d i s in fec t an t s   i n to   f eed lo t   runof f .   (See   Sec t ion  4.2.2. f o r  
fur ther   discussion  of  animal management p r a c t i c e s  and environmental 
impacts  associated w i t h  t:hem.) 

c .  More extreme  measures  might  be  used i f   sub the rapeu t i c  sub- 
s t i t u t e  and therapeutic  drugs  and  animal  and  waste-management 
measures  discussed  in  b.   above were  not  sufficient  to  control  animal 
disease  problems.  Animals  can  be grown i n  less dense  populations  to 
prevent   disease  spread.  Changes in   l and  use p a t t e r n s   t h a t  would 
resu l t   could   be   adverse ,   such   as   the   p roduct ion   of   ca t t le   in   pas tures  
and  rangeland  instead of feedlots,   with  consequent  increased  dedica- 
t ion   o f   l and   to   these   uses .  

d.   Decreased  animal  productivity  could  result   if   the  measures 
descr ibed   in   b .  and c.  above  were  not  implemented  or were not  
e f f ec t ive .   Th i s  would reduce   the   ava i lab i l i ty  of  animal  protein 
f o r  consumers.  Changes i n  management p rac t i ces   desc r ibed   i n   b .  and 
c.  above may r e s u l t  i n  increased  petroleum and human energy  require- 
ments,   including demar;lds fo r   ve t e r ina ry   ca re ,   bu t   t he re   a r e   no t  
p re sen t ly  enough da ta  to p red ic t   t hese   i nc reases .  
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TABLE XI11 

Environmental  Changes  Associated  with  Alternative 3 .  

Environmental  Factors 

1. Spread  of  pathogens  from  domestic 
( fa rm)   an imals   to   wi ld l i fe  

0 Short term 
0 Long term 

Change 

4-3 +2 +1 0 -1 -2 -3 
Beneficial<-> Adverse 

2. Changes i n  animal management p r a c t i c e s  
0 Toxic  effects  of  environmental  

r e s idues  of p e n i c i l l i n ,   t e t r a c y c l i n e s ,  
and combination  drugs on micro- 
organisms,   p lan ts ,   wi ld l i fe  X 

0 Toxic  effects  of  environmental  resi- 
dues  of  substi tute  drugs on micro- 
organisms,   plants , ,   wi ldl i fe  
0 Short term X 
0 Long term X 

d i s i n f e c t a n t  and p e s t i c i d e   u s e   a t  
an ima l - r ea r ing   f ac i l i t i e s  
0 Short term 
0 Long term 

animal  rearing and f o r  growing  animal 
feed  
0 Short term 
0 Long term 

0 Changes i n  waste management p r a c t i c e s ,  

0 Changes i n  land  use  patterns  for 

3 .  Socioeconomic e f f e c t s  
0 A v a i l a b i l i t y  of g r a i n  and meat 

0 Short term 
0 Long term 

0 Short term 
0 Long term 

0 Short term 
0 Long term 

0 Changes i n  energy  consumption 

0 Demand f o r  and cos, t   of   veter inary  care  

X 
X? 

X? 
X? 

X 
X? 

X 
X? 

X 
X? 

X 
X 
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4.4.4.4.   Uncertainties 

The uncertaint ies   descr ibed  for   the  proposed  act ions  (4 .3 .3 . )  and 
f o r   A l t e r n a t i v e  2 (4.4.3.4.)  apply to  Alternat ive  3 .  

4.5.  Risk-Benefit  Analysis 

The FDA environmental   regulations,   as amended April  15,  1977,  (42 FR 
19992, 21 CFR 25.20(a)(8))   s ta te   the  fol lowing  with  respect   to   the 
inc lus ion  of risk-benefit   analyses  in  environmental   impact  state- 
ments : 

A r i sk-benef i t   ana lys i s  must be  included,  analyzing 
what benefi ts   of   the   proposed  act ion  offset  any 
probable  adverse  environmental  effects of the   ac t ion .  
The ana lys i s   should   a l so   ind ica te   the   ex ten t   to  which 
these  benefi ts   could  be  real ized by following  reason- 
a b l e   a l t e r n a t i v e s   t o   t h e  proposed ac t ion  . . . t h a t  
would avoid some o r   a l l  of  any adverse  environmental 
e f f e c t s .  

Analysis   of   the   r isks  and bene f i t s  of the  proposed  actions and v i ab le  
r e g u l a t o r y   a l t e r n a t i v e s   i n   t h i s   c a s e  i s  very   d i f f icu l t   because   bo th  
animal and human hea l th  and environmental  benefits and r i s k s   a r e  
strongly  disputed.  Secondly,  some environmental  impacts  are  closely 
r e l a t e d   t o  human and animal  health  aspects of the  problem.  Genuine 
i s sues  of s u b s t a n t i a l   f a c t   i n   d i s p u t e  w i l l  be  subject  to  formal 
ev ident ia ry   hear ings   for   reso lu t ion .  

Controversy was a  major  reason why the  Bureau e lec ted   to   p repare  
this  environmental  impact  statement,  pursuant  to  the  Council on 
Environmental  Quality  guidelines (38 FR 20550,  40 CFR 1500.6)  which 
s t a t e :  

Proposed  major  actions,  the  environmental  impact  of 
which i s  l i k e l y   t o  be highly  controversial ,   should  be 
covered i n   a l l  c:ases. 

Controversial   areas  were ident i f ied   dur ing   prev ious   d i scuss ion   in  
t h i s   s e c t i o n  on Regulatory  Alternat ives .  The key i s s u e s   a r e  l isted 
below: 

1. -- Human and  animal  health. We be l ieve   tha t   the   subtherapeut ic  
use   o f   penic i l l in  and te t racycl ines   in   animal   feeds  poses  a r i s k  t o  
human h e a l t h  by s e l e c t i n g  for p e n i c i l l i n  and t e t r acyc l ine - re s i s t an t  
b a c t e r i a  which may spread.  from  animals t o  humans with a r e s u l t a n t  
compromise in   the   e f fec t iveness  of these   d rugs   for   t rea t ing  human 
d iseases .  We b e l i e v e - t h a t  i t  i s  also  reasonable  t o  expect   that   the  
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same p e n i c i l l i n  and te t racyc l ine- res i s tan t   bac te r ia   can  compromise 
therapeut ic   use  of these  drugs i n  animals.  (See  Appendix B, no t i ces  
of   oppor tuni ty   for   hear ing   for   penic i l l in  (42 FR 43770-43793) and 
f o r   t e t r a c y c l i n e s  (42 FR 56254-56289) and discussion  under  Section 
2). Thus, we b e l i e v e   t h a t  (1) t he  "No Action"  a l ternat ive  poses  
human, and  probably  animal  health  r isks and (2) the  proposed  actions 
reduce  those  r isks  by p ro tec t ing   t he   t he rapeu t i c  human and  animal 
uses   o f   t e t racyc l ines  and p e n i c i l l i n  and a re ,   t he re fo re ,   bene f i c i a l .  

Some opponents  of  the  proposed  actions  believe  that   there i s  not 
adequate  evidence  to show that   subtherapeut ic   animal   use of t e t r a -  
cyc l ines  and pen ic i l l i n   poses  a haza rd   t o   e i t he r  humans or  animals.  
While   the  fact   that   drug-resis tant   bacter ia  emerge when these  drugs 
are   fed  subtherapeut ica1: ly   to   animals  is not  disputed,  opponents 
be l i eve   t ha t   t he re  are no s t rong   da t a   t o  show that   d iseases   caused 
by t e t r a c y c l i n e  and pen ic i l l i n - r e s i s t an t   bac t e r i a   canno t   be   t r ea t ed  
e f f e c t i v e l y  by tetracyc1:ines and p e n i c i l l i n .  The f a c t   t h a t   t h e s e  
drugs  have  been  used  for  about 25 years   subtherapeut ica l ly   in   an imal  
feeds i s  c i t e d  as indirect   evidence  that   there  have  been no major 
problems  with  these  uses.  Some opponents  of  the  proposed  actions 
b e l i e v e   t h a t   t e t r a c y c l i n e s  and penici l l in   adminis tered  subthera-  
peu t i ca l ly   t o   an ima l s   i n   f eed  are sa fe  and e f f ec t ive   d rugs   e s sen t i a l  
f o r   c o n t r o l l i n g  and preventing  animal  diseases and increasing  animal 
product iv i ty .  They believe  that   withdrawal  of  uses  of  tetracyclines 
and p e n i c i l l i n  will resu l t   in   decreased   an imal   p roduct iv i ty  and 
inc reased   subc l in i ca l   d i sease ,   desp i t e   t he   ava i l ab i l i t y  of substi- 
tu te   d rugs   for   the   uses  t o  be  withdrawn. I n   t h e i r  view, "No Action," 
p o s e s   t h e   l e a s t   r i s k  of  reducing  farm  animal  productivity  and  poses 
no o r  low r i s k  from  the  drug-resistant  bacteria  that   emerge. 

There i s  a th i rd   v iewpoin t   he ld  by others   that   the   proposed  act ions 
are n o t   r e a l l y   s t r i n g e n t  enough to  deal  with  the  problems. The 
proposed  actions would allow  subtherapeutic  animal  feed use  of 
t e t r acyc l ines   t o   con t inue  where there  are no subs t i tu te   d rugs .  They 
b e l i e v e   t h a t   t h e   q u a n t i t i e s  of  drugs  marketed  for  these  uses  could 
be   qu i te   l a rge .  It is  a l so   poss ib le   tha t   o ther   d rugs ,  which BVM has 
not  completed  reviewing, may cause  similar  problems. They be l ieve  
BVM review  should  be  accelerated,   since  these  drugs would continue 
to  be  sold  without  controlls  over-the-counter  for  subtherapeutic 
uses.   Therapeutic  animal  uses  of  tetracyclines and pen ic i l l i n   cou ld  
a l so   be  examined f o r   t h e i r   e s s e n t i a l i t y .  Huhan uses of these  drugs 
could  be  examined  for  possible  overuse. 

The  Agency must resolve  such  opposing  viewpoints  ei ther  through 
formal  evidentiary  hearings  conducted by the  Adminis t ra t ive Law 
Judge  or  through  other  formal  consideration of t he   i s sues   r a i sed  
regarding i t s  proposal,s t o   r e s t r i c t   t e t r a c y c l i n e s  and p e n i c i l l i n  
subtherapeutic  use  in  ankmals.   These  proceedings  should more 
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c lea r ly   e s t ab l i sh   t he   deg ree  of  hazard and b e n e f i t   t h a t   e x i s t s   i n  
t he   p re sen t   s i t ua t ion  ("No Action") and i f   the   act ions  proposed by 
the  Bureau are implemented. 

Unfortunately,   the   predict ion  of  some environmental  impacts are 
i n t i m a t e l y   r e l a t e d   t o   t h e   i s s u e  of if and when t e t r a c y c l i n e s  and 
p e n i c i l l i n   u s e s   i n  humans and animals w i l l  become  compromised by the 
emergence  of   drug-resis tant   bacter ia ,   I f   the   drugs become com- 
promised  for  therapeutic and subtherapeut ic   use  in   animals  when no 
a c t i o n  i s  taken ,   subs t i tu te   d rugs  w i l l  probably  be  used  where 
poss ib l e  and  non-drug or ien ted  animal.  management p r a c t i c e s   t h a t  
cont ro l   d i sease   spread  w i l l  r ece ive  more emphasis. I f   the   proposed 
a c t i o n s   a r e  implemented, subs t i tu te   subtherapeut ic   d rugs   (or   t e t ra -  
cyclines  where no subs t i t :u tes   a re   ava i lab le)  w i l l  be   ava i l ab le   fo r  
a l l  animal   use  indicat ions and there  will be  some degree of protec- 
t i o n  of t he   e f f ec t iveness  of  therapeutic  animal and human uses  of 
t e t r a c y c l i n e s  and penici l . l in .  Only i f   subs t i t u t e   d rugs   a r e   no t  as 
e f f e c t i v e  as the   p rohib i ted   t e t racyc l ines  and p e n i c i l l i n   u s e s ,   a r e  
changes i n  animal management p rac t i ces   l i ke ly   t o   occu r .  

Thus, i f  one be l i eves   t ha t   t e t r acyc l ines  and p e n i c i l l i n  w i l l  become 
se r ious ly  compromised by current   subtherapeut ic   uses   in   animal  
feeds,   then  the  proposed  act ions  (or  more r e s t r i c t i v e   r e g u l a t o r y  
a l t e rna t ives )   a r e   r ea sonab le .  On the   o ther   hand ,   i f  one be l ieves  
that   such compromise w i l l  not   occur ,   then  the  proposed  act ions 
require   unnecessary  changes  in   subtherapeut ic   ant ibacter ia l   use   in  
animal  feeds,  use of subs t i t u t e   d rugs ,  some of which may be 
present ly  more expensive, and poss ib ly   resu l t   in   changes   in   an imal  
and waste management which  could  be  costly. 

Since  (1)  formal  proceedings must e s t a b l i s h   t h e   p r o b a b i l i t y   t h a t  
t e t r a c y c l i n e  and pen ic i l l i n   d rugs  w i l l  become less e f f e c t i v e ,  (2) 
some environmental   impacts  are  the  result  of these  human and animal 
h e a l t h   e f f e c t s ,  and (3 )  i t  is  d e s i r a b l e   t o  make t h i s   d r a f t  
environmental   impact   s ta tement   publ ic ly   avai lable   pr ior   to  any 
hear ings ,  i t  i s  n o t   f e a s i b l e   a t   t h i s  time to   a t tempt   to   deve lop  a 
quan t i t a t ive   ana lys i s  we.ighing  environmental   r isks  against   the 
b e n e f i t s  of the  proposed  actions and the   v i ab le   r egu la to ry   a l t e rna -  
t i v e s .  

2 .  Environmental   impacts  associated  with  the  use  of  substi tute 
drugs.   If   (1)  animal  therapy and subtherapeut ic   use  of   te t racycl ines  
and p e n i c i l l i n  become compromised by the  emergence  of  drug-resistant 
bac t e r i a   o r  (2) t he  Bureau  of Veter inary   Medic ine   res t r ic t s   subther -  
apeut ic   uses  of t e t r acyc l ines  and pen ic i l l i n , ,   a s   p roposed ,   t hen  it  
i s  reasonable   to   expec t   tha t   subs t i tu te   subtherapeut ic   d rugs  w i l l  be 
chosen by animal  producers,   since  this is t h e   a l t e r n a t i v e  measure 
r e q u i r i n g   t h e   l e a s t  change in   cur ren t   an imal  management p rac t i ces .  

---A 
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Because   t e t r acyc l ines ,   pen ic i l l i n ,  and  most  of the  combination  and 
subs t i t u t e   d rugs  were approved  for   use  pr ior   to   the  passage of the  
National  Environmental  Policy  Act  of 1969, these  drugs had not  been 
reviewed  for  potential   environmental   impact.   Consequently,   the 
Agency i ssued   a .   ca l l   fo r   envi ronmenta l   in format ion   for   bo th   the  
d rugs   d i r ec t ly   a f f ec t ed  by the  proposed  actions and the   subs t i t u t e  
drugs on May 27,  1977,  (4.2 FR 27264) .  While some useful   data   were 
received from  respondents to the  call  and incorpora ted   in to   th i s  EIS 
(Sect ion 3 and  Appendix A) the re  are s t i l l  missing  environmental 
da t a  which were reques ted   bu t   no t   rece ived   for   severa l '   subs t i tu te  
drugs and d i r ec t ly   a f f ec t ed   d rugs  which are important   for   deter-  
mining  the  environmental   impacts  that   result  when the  drugs are used 
i n   f e e d l o t s  and o ther   an imal   p roducing   fac i l i t i es .  A s  a r e s u l t ,  w e  
are unable  to  determine  whether  the  cumulative  environmental  impact 
due to   increased   use   o f   subs t i tu te   d rugs ,   ra ther   than   te t racyc l ines  
and penici l l in   (and  drugs  used i n  combination  with  them), would 
approximate  or  exceed  the  present  environmental   impact  result ing 
from  the  use  of a l l  the  drugs. 

3 .  Environmental  impacts  associated  with  the  use  of  non-drug 
or iented  animal  management p rac t i ces .  A s  d i s c u s s e d   e a r l i e r  ( 4 . 2 . 2 .  
Changes i n  Animal Management P rac t i ces )   t he re  are a v a r i e t y  of 

---- 

non-drug or ien ted  management techniques  which  affect  animal 
p roduc t iv i ty  and are use fu l   i n   p reven t ing  and control l ing  animal  
diseases.  These  include  such  diverse  measures as r egu la r  
d i s i n f e c t i o n  of f a c i l i t i e s ,   f e e d   p r e p a r a t i o n  and handling which 
reduce  bacter ia l   contaminat ion,   reduct ion  in   animal   populat ion 
d e n s i t i e s ,  and des ign   of   an imal   p roduct ion   fac i l i t i es   to   inc lude  
thorough,  frequent  removal and treatment  of  animal wastes. 

The ex ten t   t o  which these  measures will be  used by the  animal  indus- 
t r y  i s  not   present ly   predictable .   Factors   that   appear   to   affect   the  
v i a b i l i t y  of  non-drug oriented  animal management prac t ices   inc lude :  

(1) t h e   a v a i l a b i l i t y  and cos t  of e f f ec t ive   subs t i t u t e   d rugs ;  

( 2 )  the   cos t  and e f f ec t iveness  of  the  non-drug  oriented  animal 
management measures; 

(3 )  other  government  regulations  which  might  require one of the 
measures   (e .g .   wastewater   eff luent   controls  imposed by the  Environ- 
mental   Protection Agency under  the  mandate  of  the  Federal.  Water 
Pol lut ion  Control  Act  and similar regula t ions  imposed by states). 

Each animal  producer makes h i s  own decis ions   as   to   the  management 
prac t ices   he  w i l l  fo l low,   su i ted   to   the   spec ies  of  animal  he i s  
r a i s ing ,   t o   t he   l abo r  and f a c i l i t i e s   a v a i l a b l e  to him, the  market 
p r i c e s   f o r   f e e d   g r a i n s  and  animals,  and t o  any par t icular   problems 
associated  with  producing and marketing  food-animals i n   h i s   l o c a l e .  
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Because (1)  the  extent  to  which  these  measures  will  be  used  with  any 
particular  regulatory  alternative  cannot  be  predicted and (2) there 
are  a  diversity  of  measures  available,  the  Agency  has  not  made  a 
detailed  analysis of each  potential  measure  for  its  economic  feasi- 
bility  and  its  environmental  impacts  when  used.  There  are  some 
general  areas  where  environmental  impacts  associated  with  non-drug 
oriented  animal  management  measures  are  a  concern.  Listed  briefly, 
these  include : 

(1) Disinfection  of  animal-producing  facilities.  Wastewater 
from  animal  facilities  could  contain  levels  of  disinfectant  chemi- 
cals  that  produce  adverse  environmental  effects in streams  and 
soil. The Agency  needs  information  on  which  chemicals  may  be  used 
and  potential  environmental  impacts  that  might  occur. 

( 2 )  Decreased  animal  population  density.  Implementing  this 
disease  prevention  and  control  technique  would  require  increased 
animal  producing  facilities,  land,  and,  possibly,  labor  and  energy 
if  the  present  levels  of  animal  productivity  were  to  be  maintained. 
The  Agency  needs  information  on  which  species  of  food-producing 
animals  and  for  which  diseases  this  technique  is  most  practical  and 
the  types  and  magnitude  of  environmental  impacts  that  may  occur. 

( 3 )  Animal  waste  treatment  facilities.  Prompt  collection  and 
treatment of animal  wastes  help  prevent  diseases  among  farm  animals, 
help  control  water  pollution  from  animal-producing  facilities,  and 
provide  valuable  nutrients  and  soil  conditioner  for  farm  land. In 
this  respect,  animal  waste  management  has  beneficial  environmental 
impacts  and  also  addresses  the  objectives  of  the  Federal  Water 
Pollution  Control  Act.  The  capital  costs  involved  in  the  installa- 
tion  and  operation  of  certain  types  of  waste  collection  and  treatment 
programs  make  them  practical  for  larger  animal  producing  facilities. 
Other  systems  may  be  more  practical  for  small  operators.  The  Agency 
needs  more  information  about  the  practicality,  costs,  effectiveness 
in  preventing  diseases,  and  environmental  impacts  of  different  waste . 
treatment  and  handling  techniques  for  different  types and sizes  of 
animal  production  facilities. 

In summary,  health  and  environmental  areas  are  strongly  disputed  and 
no  concerned  party  is  presently  able  to  quantify  benefits  and risks. 
associated  with  the  Agency's  proposed  actions,  with  no  action,  and 
with  other  regulatory  alternatives.  Therefore, qualitatke compar- 
isons  of  the  various  regulatory  alternatives  for  their  effectiveness 
in  addressing  both  health  and  environmental  issues  must  be  used. 
The  following  section, 4 . 6 .  Comparison  of  Regulatory  Alternatives, 
provides  such  a  qualitative  assessment. 
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4.6. Comparison  of  Regulatory  Alternatives 

4.6.1. Expected  Effectiveness' of Regulatory  Alternatives  in 
Dealing  with  Human  and  Animal  Health  Problems 

The "No Action"  alternative,  Alternative 1, could  only  be  considered 
a  viable  course  of  action  if  the  subtherapeutic  use of penicillin 
and  tetracyclines  was  determined  not  to  pose  an  unacceptable  risk  to 
human  health.  As  discussed  earlier,  health  and  safety  standards 
with  respect  to  resistance  transfer  (Section 2.1.1.3.1, salmonella 
shedding  (2.1.2.3.1,  optimal  level  of  effectivess  (2.1.4.3.1, 
enhancement  of  pathogenicity  (2.1.5.3.) and tissue  residues 
(2.1.6.3.) were  not  met  for  penicillin  and  tetracyclines.  There- 
fore,  the "No Action"  alternative  could  not  be  an  acceptable 
decision.  (Other  drugs  are  still  under  review  by  the  Bureau.) 

Regulation  of  mixing  of  animal  feeds  containing  tetracyclines  and 
penicillin  (considered  with  Alternative 1) might  have  some  benefit 
in  lowering  the  potential  for  producer  misuse  of  antibacterials. 
There  might  be  more  rigid  adherence  to  labeling  requirements  by  the 
use  of  registered  feed  mills.  FDA  would  obtain  more  accurate  data 
on  the  quantities of tetracyclines  and  penicillin  used  in  low  levels 
in  animal  feeds.  However,  no  significant  decrease  in  the  overall 
quantities  of  tetracyclines  and  penicillin  used  subtherapeutically 
in  farm  animals  could  be  expected  and,  consequently,  this  option 
does  not  differ  significantly  from "No Action." This  option  was 
suggested  by  the  National  Advisory  Food  and  Drug  Committee  (NAFDC) 
as  a  substitute  for  the  recommendations  (similar t o  the  proposed 
actions)  of  their  Subcommittee  on  Antibiotics  in  Animal  Feed ( A A F S ) ,  
in  January  1977.  The NAFDC decision  was  based  on  the  points  that a) 
the  Bureau  had  insufficiently  documented  risk  and  b)  tetracyclines 
have  been  used  in  animal  feeds  for 25 years  without  apparent  ill 
effects . 
Alternative 2 would  prohibit  all  subtherapeutic  animal  feed  uses  of 
tetracyclines  and  penicillin.  This  means  that  some  disease  control 
uses,  where  there  are  no  effective  substitute  subtherapeutic  drugs, 
would  be  removed.  If  therapeutic  drugs  and  attention  to  non-drug 
oriented  animal  management  practices  did  not  prove  to  be  effective 
alternate  methods  of  disease  prevention  and  control,  the  result 
might  be  decreased  animal.  production.  Alternative 2 follows  the 
original  recommendation  of  the  Bureau of Veterinary  Medicine  to  the 
Antibiotics  Subcommittee  in  its  Summary  Reports  on  Penicillin  and 
Tetracyclines  prepared  April  16,  1976,  and  June 8, 1976. 

. .  

Alternative 3 would  remove  from  subtherapeutic  use  all  drugs  which 
select  for  Gram-negative  or  Gram-positive  bacteria  resistant  to  drugs 
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used in human  medicine.  This  alternative  has  been  suggested  by Dr. 
Arthur  Saz,  Professor  of  Microbiology  at  Georgetown  University, in a 
letter  to  the  Commissioner  of  November 7,  1977.  Removal  of  the 
macrolide  class  drugs,.such  as  erythromycin  and  tylosin,  should  have 
some  effect  upon  decreasing  the  number  of  macrolide-resistant 
staphylococci  and  streptococci in the  environment. In addition,  as 
explained in  Appendix A, (Section A.2.2.1, increased  resistance to 
macrolide  drugs  might  also  occur  from  animal  uses  of  lincomycin  and 
virginiamycin  and,  therefore,  these  products  would  not be allowed 
for  subtherapeutic  use  in  animals.  With  removal of lincomycin, 
virginiamycin,  oleandomycin,  as  well  as  tylosin  and  erythromycin, 
drug-resistance  to  remaining  substitute  drugs  would  occur  as  a 
chance  chromosomal  mutation,  at  a  low  rate,  with  less  potential 
spread  and  without  relationship  to  pathogenicity.  Direct  adverse 
effects  upon  man  of  any  tissue  residues of the  macrolide  drugs  would 
also  be  minimized  by  Alternative  3.  However,  if  therapeutic  drugs 
and  non-drug  oriented  animal  management  practices  failed  as  effec- 
tive  alternate  methods o f  disease  control,  there  might  be  decreased 
animal  production. 

Compared  with  the  reasonable  regulatory  alternatives,  the  proposed 
actions-completely  restricting  the  subtherapeutic  use  of  penicillin 
and  those  subtherapeutic  uses  of  tetracyclines  where  effective  sub- 
stitutes  are  available,  plus  control  of  permitted  usages  by  the 
requirements of an  approved  medicated  feed  application  and  a  veter- 
inarian's  order-appear  as  a  compromise  position.  There  should  be 
some  effect  in  mitigating  the  problems  described  above  with  respect 
to  drug  resistance  transfer  in  Gram-negative  bacteria  (Section 
2.1.1.3.), Salmonella  shedding  (Section  2.1.2.3.1,  enhancement  of 
pathogenicity  (2.1.5.3.)  and  tissue  residues  (2.1.6.3.)  but  this 
mitigation  would  not  be  expected  to  be  as  much  as  for  Alternative 2, 
complete  restriction  of  penicillin  and  tetracyclines.  Although 
Gram-positive  bacteria  with  tetracycline  and  penicillin  resistance 
occur  and  would  be  reduced  by  the  proposed  actions,  the  problems 
associated  with  Gram-positive  bacteria  are  not  really  addressed  by 
the  proposed  actions  but  are  thoroughly  addressed  by  Alternative 3 .  

The  basis  for  the  proposed  actions  was  the  recommendations  of  the 
Antibiotics  in  Animal  Feeds  Subcommittee  of  the  NAFDC  which  was 
subsequently  supported  by  the FDA Bureau  of  Veterinary  Medicine. 
While  the  proposed  actions  represent  the  Bureau's  proposed  course  of 
action,  no  final  decision  will  be  made  until  any  issues of genuine 
and  substantial  fact  which  are  identified  as  being  in  dispute  are 
weighed  in  formal  evidentiary  hearings  and  in  a  final EIS which  must 
address  the  comments  received  on  this  draft. 
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4.6.2. Comparison  of  Environmental  Impact  of  Regulatory 
Alternatives  and  Selection of Environmentally 
Preferable  Alternative 

As  explained  in 4.5. "Risk/Benefit  Analysis,"  the  high  degree  of 
controversy  surrounding  .the  health  benefits  and  risks  of  the  pro- 
posed  actions,  the  close  relationship  of  health  impacts  to  environ- 
mental  impacts  and  absences  of  some  important  environmental  data 
preclude  a  quantitative  determination  of  the  environmental  impacts 
that  are  occurring  due  to  the  present  use  levels  of  tetracyclines, 
penicillin,  substitute  and  combination  drugs,  and  non-drug  oriented 
animal  management  practices.  Nor  are  there  sufficient  data  to  quan- 
titatively  predict  environmental  impacts  that  might  occur if some 
drugs  were  restricted  and  the  use  of  substitute  drugs  and  management 
practices  were  increased. A qualitative  analysis of the  potential 
for  presently  occurring  environmental  impacts to be  changed,  either 
beneficially  or  adversely, by  regulatory  alternatives  is  possible, 
however.  The  regulatory  alternatives  considered  are  incremental  in 
nature,  ranging  from  no  action  to  complete  restriction  of  all 
subtherapeutic  antibacterials  potentially  causing  bacterial  drug 
resistance  problems  for  man.  The  potential  for  change in the  envi- 
ronmental  impact  level  being  experienced  now  can  therefore  be  crudely 
gauged  by  comparison  between  the  incremental  regulatory  alternatives 
for  each  environmental  factor  of  concern.  Tables X,  XI, XII, XI11 
(above)  reflect  the  environmental  change  ratings  derived  for  each 
factor  for  individual  regulatory  alternatives.  Table  XIV  summarizes 
these  ratings  for  all  regulatory  alternatives.  Question  marks  iden- 
tify  those  ratings  thought  to  have  higher  degrees  of  uncertainty 
than  others. 

In general,  Table  XIV  indicates,  not  unexpectedly,  that  the "No 
Action"  alternative ( 1 )  results  in  long-term  adverse  changes in 
environmental  impacts  but  no  change  for  the  short  term.  As  time 
increases, it becomes  more  and  more  probable  that  drug-resistant 
pathogens  will  emerge,  which  we  believe  have  high  potential  for 
compromising  human  and  animal  therapeutic  uses of tetracyclines  and 
penicillin.  Such  a  compromise  is  linked  with  adverse  environmental 
impacts,  such  as  changes  in  animal  management  practices  and  increased 
veterinary  care  costs.  Since  Alternative 1 provides  for  no  action 
to  protect  effectiveness of these  drugs, we must  expect  that  tetra- 
cyclines  and  penicillin  will  become  more  seriously  compromised, 
either  tomorrow or years  from  now.  Thus,  Alternative 1 provides 
short-term  benefits  at  the  expense  of  long-term  productivity. 
Adverse  environmental  changes  are  associated  with  this  long-term 
compromise  of  tetracycline  and  penicillin  effectiveness. 

The  proposed  actions ("PA,," Table  XIV)  can  be  seen  to  be a compro- 
mise  between  protecting  long-term  effectiveness  of  tetracyclines  and 
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penicillin  in  humans  and  animals  and  minimizing  any  potential  changes 
in the  present  methods  of  producing  animals  using  subtherapeutic' 
antibacterials.  This  is;  reflected in increased  anticipated  adverse 
environmental  impacts  due  to  the  use  of  substitute  drugs,  no  change 
in non-drug  oriented  disease  control  measures,  and  beneficial  changes 
due  to  reducing  the  introduction  of  tetracyclines  and  penicillin 
into  the  environment  through  manufacture  and  excretion  by  medicated 
food-producing  animals.  The  distribution  controls  proposal,  if 
implemented,  would  increase  the  demand  for  veterinarians t o  write 
orders for animal  producers  to  obtain  tetracycline-medicated  feeds 
where  substitute  drugs  were  not  available. 

Alternative 2, complete  restriction  of  subtherapeutic  animal  use  of 
tetracyclines  and  penicillin in feed,  offers  greater  beneficial 
enviromental  change  due  to  the  reduction  of  tetracyclines  and 
penicillin  entering  the  environment  than  the  proposed  actions  and no 
action. The  level of adverse  impacts  due  to  increased  use  of  sub- 
stitute  drugs  should  be  comparable  to  the  proposed  actions,  since 
there  are  (presently) no substitutes  for  the  seven  additional  sub- 
therapeutic  tetracycline  uses  restricted  by  Alternative 2. Also, 
because  there  are no subtherapeutic  substitutes  for  those  seven 
uses,  there  is  increased  potential  that  non-drug  oriented  control 
measures will be  implemented  (with  possible  adverse  environmental 
impacts),  potential  for  increased  demand  for  veterinarians  €or 
administering  therapeutic  drugs t o  sick  animals,  increased  potential 
for  additional  human  and  petro-energy  needed  to  maintain  disease- 
free  herds,  and  increased  potential  that  the  cost  and  availability 
of  meat  would  be  adversely  affected. 

Alternative 3,  which  restricts  some  other  subtherapeutic  drugs  in 
addition  to  tetracyclines  and  penicillin,  would  probably  result in 
more  subtherapeutic  antibacterial  animal  feed  uses  where no substi- 
tutes  were  available  than  in  Alternative 2. Therefore,  the  potential 
for  the  same  adverse  changes  listed  in  Alternative 2 above  would  be 
increased.  Alternative 3 does  provide  beneficial  environmental 
changes  by  reducing  both  the  levels  of  tetracyclines,  penicillin, 
and  substitute  drugs (to the  extent  that  these  latter  drugs  are 
restricted)  entering  the  environment  through  manufacture  and  use  of 
medicated  animal  feeds. 

Tallying  the  number of ti.mes  each  regulatory  alternative  appears  as 
the  "best"  or  "worst"  alternative  in  Table XIV: 

Regulatory  Alternative  Frequency  as  Frequency  as 
Best  Alternative  Worst  Alternative 

Proposed  Actions 11 
Alternative  1 (No Action) 6 
Alternative 2 1 
Alternative 3 3 

2 
1 
3 

12 
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The proposed  actions  are  most  frequently  the  best  alternative, 
although  tied  with  other  alternatives  for  some  factors. The pro- 
posed  actions  are  the  worst  alternative  (tied  with  Alternative 2) in 
that  increased  introduction  of  substitute  drugs  into  the  environment, 
both  short-  and  long-term,  would  be  probable. 

Alternative 1, no  action,  appears  to  be  the  second  best  alternative 
with  respect  to  changes  in  the  environmental  factors  considered. It 
is  the  worst  alternative in that it allows  the  greatest  amount  of 
tetracyclines  and  penicillin  to  enter  the  environment,  both  for  the 
short-  and  long-term. 

4 . 6 . 3 .  Summary 

A qualitative  analysis  of  viable  regulatory  alternatives  shows  the 
proposed  actions to be  a  compromise  position  with  respect  to  human 
and  animal  health  factors,  protecting  to  a  moderate  degree  the 
therapeutic  uses  of  penicillin  and  tetracyclines  while  resulting in 
minimum  changes in the  procedures  used in the  United  States  to  manage 
food-producing  animals.  More  stringent  restrictions  of  subthera- 
peutic  animal  uses  of  penicillin  and  tetracyclines  afford  better 
protection  of  therapeutic  uses  of  these  drugs  but  may  require  more 
changes in animal  management  practices  and  a  consequent  potential 
for  increasing  animal  disease  problems. "No Action"  affords no pro- 
tection  of  the  effectiveness  of  therapeutic  uses  of  tetracyclines 
and  penicillin in humans  and  animals  and  requires  no  changes in 
animal  management  as  long  as  tetracyclines  and/or  penicillin  do  not 
become  seriously  compromised  for  subtherapeutic  uses  in  animals. 

With  respect  to  changes  in  environmental  factors,  we  believe  that 
the  proposed  actions  appear  to  result  in  the  least  environmental 
change  for  the  long  term,.  Slight  adverse  effects  are  anticipated 
from  the  use  of  substitute  drugs  for  the  prohibited  uses  of  tetracy- 
clines  and  penicillin  and  from  increases  in  demand  for  veterinarians 
to  diagnose  the  need  for  and  write  orders  for  tetracycline-medicated 
feed  for  restricted  uses.. We believe  that "No Action,"  on  the  other 
hand,  results  in  no  immediate  environmental  change  but in the  long- 
term  has  growing  adverse  environmental  effects  associated  with  the 
compromise  of  effectiveness  of  tetracyclines  and/or  penicillin  in 
food-producing  animals.  Alternatives  that  more  stringently  restrict 
subtherapeutic  antibacterial  use  in  animal  feeds  than  the  proposed 
actions  have  a  higher  pot:ential  to  create  changes  in  animal  manage- 
ment  practices  and  in  soc.ioeconomic  factors. 

4.7. Supplemental  Actions  Which  Might  Maximize  the  Effect 
of  Any  Selected.  Course  of  Action 

The regulatory  alternatives  presented  in  the  previous  parts of 
Section 4 were  formulated  as  actions  that  could be implemented  by 
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t he  FDA Bureau  of  Veterinary  Medicine to   control   the   use  of   subther-  
apeu t i c   l eve l s   o f   an t ibac te r i a l s   i n   an ima l   f eeds .  Many of  the sanie 
d rugs   sub jec t   t o   r e s t r i c t ions   unde r   t he   r egu la to ry   a l t e rna t ives   have  
other  uses;   for  example,   therapy  for  animals and  humans  and as 
pes t i c ides .   These   u ses   r e su l t   i n  t h e  introduct ion  of   drug  res idues 
into  the  environment and have   the   po ten t ia l   to   se lec t   for   hazardous  
drug-res i s tan t   bac te r ia .   Non-medica ted   feed   uses   o f   an t ibac te r ia l  
drugs were recognized  to   present  a problem i n   t h e  World Heal th  
Organizat ion (WHO) Working  Group repor t  on  "The Public  Health  Aspects 
of A n t i b i o t i c s  i n  Feedst.uffs" (1974): 

It was s t a t ed   t ha t   t he   w idesp read   r e s i s t ance   t o   an t i -  
b i o t i c s  among b a c t e r i a   a l r e a d y   p o s e s   d i f f i c u l t i e s   i n  
human and veter inary  therapy and may, i f   t h e   p r e s e n t  
t rend   cont inues ,   render   an t ib io t ics   fa r  less e f f e c t i v e  
than  a t   present ,   thus   depriving mankind of a most 
va luable  weapon against: many diseases. 

Examples  were given  of  cases  where  the  spreading  of 
R-factors may be  regarded  as a serious  contamination 
of the  environment. The s e l e c t i o n  of r e s i s t a n t  bac- 
terial  s t r a i n s  i s  closely  related  to  problems  of 
environmental  hygiene, a s i tua t ion   exacerba ted  by the  
cont inuing  interchange  in   ecological   systems.  Man and 
animals are cont r ibu t ing   to   th i s   contaminat ion  by 
a c t i n g  as r e s e r v o i r s   f o r   r e s i s t a n t   s t r a i n s  and f o r  
R-factors.  The bu i ld ing  up of  such  reservoirs  should 
be  avoided.  Although no quant i ta t ive  evaluat ion  of  
the  contr ibut ion  of   each  separate   source  could  be 
given and some o f   t he   pa r t i c ipan t s   f e l t   t ha t   t he  low- 
l eve l   u se  of an t ib io t ics   could   on ly   to  a small ex ten t  
be   he ld   respons i -b le   for   the   se lec t ion   of   an t ib io t ic -  
r e s i s t a n t   s t r a i n s   o f   b a c t e r i a ,   t h e  Working  Group  was 
unanimously  of  the  opinion  that  these  low-level 
additions  to  animal  feed  for  growth  promotion were 
n e v e r t h e l e s s   o f   s u f f i c i e n t   s i g n i f i c a n c e   t o   j u s t i f y  
co r rec t ive   measu res   i n   t h i s   f i e ld .   Tak ing   t hese  
cons ide ra t ions   i n to   accoun t ,   on ly   an t ib io t i c s   o the r  
than  those of therapeut ic   value  should  be used f o r  
growth  promotion i n  animals. 

Experiments  have  already shown i n  many ins t ances   t ha t  
new proposed compounds,  which do not   cause   res i s tance ,  
a re   g iv ing   the  same growth-promotion r e s u l t s   a s  con- 
ven t iona l   an t ib i . o t i c s ;   hence ,   subs t i t u t e s  may i n  
f u t u r e  become more r ead i ly   ava i l ab le .  
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A second WHO group  examining  the  publ ic   heal th   aspects   of   ant ibiot ic-  
res i s tan t   bac te r ia   in   the   envi ronment  (WHO, 1976)  added: 

A l l  R-factors  blelonging  to  the same compat ib i l i ty  
groups, of human or   animal   or igin,   have  recent ly  
been shown t o  be   c l ea r ly   s imi l a r ,   i f   no t   i nd i s -  
t i n g u i s h a b l e ,   i n  a l l  p rope r t i e s ,   i nc lud ing   t ha t  
of deoxyribonucleic  acid  structure.   There i s  
thus  no  reason  to  dist inguish  between  transfer- 
ab le   r e s i s t ance   o f  human o r i g i n  and tha t   o f  
animal   or igin.  Yan is incidently  exposed  to  the 
a c q u i s i t i o n  of R enterobac ter ia   a r i s ing   f rom 
the   use   o f   an t ib io t ics   in   an imal   rear ing   and   in  
medicine. The d i s t r i b u t i o n  of   these   bac te r ia  is 
now so wide in   the   genera l   envi ronment   tha t  i t  is  
no longer   necessary  to   a t tempt   to  relate t h e i r  
appearance   in   the   ind iv idua l   to   the   use   o f   the  
an t ib io t ics   concerned .  It is  t h e i r   u s e   i n   t h e  
community a s  a whole t h a t  i s  now the   over r id ing  
inf luence ,  and it  is only by applying communal 
measures  that   there  can  be any hope of r e c t i f y i n g  
t h e   s i t u a t i o n ,  though it has now advanced so f a r  
t h a t  i t  is  debatable  whether it can  be  repaired.  
Never the less ,   the   ca l l   fo r   re form  in   the   use   o f  
a n t i b i o t i c s  may prevent  the  extension  of  an 
already  serious  problem. 

A comprehensive  Federal  response  to  the human and  animal  health 
problems  associated  with  the  general   use  of  antibacterial   drugs 
should  examine  uses   of   ant ibacter ia ls ,   in   addi t ion  to   the  subther-  
apeu t i c   u ses   i n   an ima l   f eeds ,   fo r   e s sen t i a l i t y  and the  hazards  asso- 
c ia ted  with  each  use.  The purpose of t h i s   s e c t i o n  is t o   i d e n t i f y  
these  other   uses   of   ant ibacter ia ls ,   descr ibe  any known e f f o r t s   t o  
examine these   uses   for   po ten t ia l   hazard ,   sugges t   poss ib le  ways of 
mit igat ing  hazard,  and i n v i t e  comment from persons  or   agencies  
having  information  which  pertains  to  these or o ther   uses .  

4.7.1.  Administration  of  Antibacterials  to  Animals  for 
Treatment  of  Disease  (Therapeutic  Uses) 

Large  doses  of  antibacterials  are  administered  to most  domesticated 
animals  showing symptoms of spec i f ic   d i seases .   These   therapeut ic  
doses may be  adminis tered  oral ly ,   in t ramuscular ly ,   or   via   other  
routes  to  food-producing  animals,   draft   animals and p e t s .  Both 
v e t e r i n a r i a n s  and animal  producers may present ly   ob ta in  and use 
an t ibac te r i a l s   t he rapeu t i ca l ly .  Where poss ib le ,   ind iv idua l   s ick  
animals   receive  s ingle  or mult iple ,   but   not   cont inuous,   therapeut ic  
doses   o f   an t ibac te r ia l s .  However, the  t reatment   of   an  ent i re   f lock 
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or   herd i s  often  required  under  contemporary management p rac t i ces .  
Although  drug-resistant  bacteria may emerge as a r e s u l t  of  thera- 
peut ic   adminis t ra t ion  of a. drug,   this   probably  occurs  less f requent ly  
and has  less potent ia l   than  the  subtherapeut ic   animal   use of the  
same drug to  resu l t   in   ep idemic   spread  of drug- re s i s t an t   bac t e r i a  
s ince :   (1)   there  is no  continuous  presence  of  the  drug  to  give a 
select ive  advantage to  drug-res i s tan t   bac te r ia   over   sens i t ive   ones  
and (2)  where  possible,  only a few an ima l s ,   u sua l ly   i n   i so l a t ion ,  
are be ing   t r ea t ed  a t  any one time. 

Therapeut ica l ly   adminis te red   an t ibac ter ia l s  are va luable   too ls   for  
t r ea t ing   an ima l   d i seases   t ha t  would o therwise   adverse ly   a f fec t   the  
na t ion ' s   ab i l i t y   t o   p roduce   an ima l   p ro t e in   fo r  human consumption. 
These  drugs  provide a back-up  measure i n   t h o s e   c a s e s  where  disease 
prevention  measures  have  failed.   Since  the same drugs are o f t en  
used for   bo th   subtherapeut ic  and therapeut ic   purposes   in   animals ,   as  
well  as i n  humans, r e s t r i c t i o n s  on subtherapeutic  drug  use which 
might   s t imulate   drug  res is tance  problems are measures   tha t   p ro tec t  
t he rapeu t i c   u ses   i n   an ima l s .  

On the  other  hand, i t  i s  poss ib le   tha t   there  are subs t i tu te   thera-  
peutic  drugs  or  methods of treatment  for some animal   diseases   that  
do not   encourage  drug-resis tant   bacter ia .  The decision  whether  to 
use one  means of  treatment  versus  another rests wi th   the   ve te r in-  
a r i a n  and animal  producer. Two options  for  reducing  unnecessary 
therapeut ic   use  of   those  ant ibacter ia l   drugs  found  to   present  a 
hazard are : 

(1) The Bureau  of  Veterinary  Medicine,  along  with  health 
a u t h o r i t i e s  and educational  bodies,   such as schools   of   veter inary 
medicine  and  animal  science,  might  advise  veterinarians,  animal 
producers,   and  veterinary  workers and s tudents   about   the  hazards  
assoc ia ted   wi th   the   ind iscr iminant   therapeut ic   use  of c e r t a i n  
a n t i b a c t e r i a l s  and suggest  alternative  methods  of  therapy  which  are 
ava i l ab le .  ''Dear Doctor" let ters,  presenta t ions  a t  seminars,  the 
sponsoring  of  symposia, and d i s t r i b u t i o n  of information  through  the 
Agricul tural   Extension  Service are poss ib le   educa t iona l   vehic les .  

(2) The  Bureau  could  examine i t s  authori ty   under   the Food, 
Drug,  and  Cosmetic  Act and recommend l e g i s l a t i o n   t o   t h e  U . S .  
Congress, i f   necessa ry ,   such   t ha t   t he   t he rapeu t i c   admin i s t r a t ion  of 
an t ibac te r i a l s   pos ing  a hazard  could  be  controlled.  

Nei ther  of these  opt ions  has   been  extensively  pursued,   as   yet ,  and 
the  Bureau  invi tes  comment r e g a r d i n g   t h e i r   f e a s i b i l i t y   o r   o t h e r  
options  that   might  be  considered. 
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4.7.2. Administration  of  Antibacterials  to  Humans 

Antibacterial  drugs  are  prescribed  for  humans  by  physicians,  more  or 
less  at  their  discretion,  at  therapeutic  levels.  Antibacterials  are 
not  generally  available  for  human  use  on  an  "over-the-counter"  basis 
or  used  in  subtherapeutic  doses.  For  the  most  part,  antibacterials 
are  not  administered  continuously  for  long  periods in humans.  There 
are  certain  uses,  however,  such  as  the  long-term  administration  of 
tetracycline  for  treatment.  of  acne  and  the  supply of antibacterials 
to  travellers  for  prophylactic  purposes,  which  can  be  effective in 
encouraging  the  emergence  and  spread  of  drug-resistant  bacteria. 
Drug-resistant  bacterial  strains  have  arisen  when  drugs  are  used 
therapeutically,  as  in  hospitals.  Drug-resistant  bacteria  have  been 
isolated  from  municipal  sewage,  presumably  as  a  result  of  shedding 
by  people  colonized  with  drug-resistant  bacterial  flora  either 
obtained  from  other  humans,  as  a  result  of  drug  treatment,  from 
animals,  from  contaminated  food  and  water,  from  water  contact  sports 
or  from  other  sources  (see  Section 2.1.1.). Man  contributes  to  the 
environmental  reservoir  of  drug-resistant  bacteria  from  which  the 
human  population  may  be  reinfected. 

The  options  that  are  available  for  reducing  uses  of  antibacterials 
for  humans  which  encourage  the  emergence  of  drug-resistant  bacteria 
are  similar  to  those  mentioned  for  reducing  therapeutic  animal  uses 
of-these drugs (4.7.1.). 

(1) The  FDA  Bureau  of  Drugs,  along  with  health  authorities  and 
educational  groups,  could  advise  physicians,  health  care  workers  and 
students  about  the  hazards  associated  with  the  indiscriminate  use  of 
certain  antibacterials  and  suggest  precautions  that  might  be  taken 
when  prescribing  these  drugs  and  emphasize  alternative  drugs  or 
methods  of  therapy  which  are  available. 

(2) The FDA Bureau of Drugs could  attempt  to  restrict  certain 
human  uses  of  antibacterials  posing  a  hazard. 

4.7.3. Use  of  Antibacterials  as  Pesticides 

The  Environmental  Protection  Agency  has  registered  and  established  a 
tolerance  for  residues  for  oxytetracycline  as  an  antimicrobial  agent 
on  pears (40 CFR 180.337)  ,and  for  streptomycin  as  a  fungicide  for 
treatment of celery,  peppers  and  tomato  seedling  plants  before 
transplanting,  treatment of potato  seed  pieces,  and  on  pome  fruits 
(40 CFR 180.245). Such  uses  result  in  residues  in  these  foods, 
occupational  exposure  among  pesticide  applicators,  and  quantities  of 
antibacterials  entering  the  agricultural  environment.  The  Food  and 
Drug  Administration  doep  not know  whether  the  use  patterns  and 
quantities  employed  for  these  antibacterials  result  in  detectable 
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soil  or  water  residues  and  whether  these  residues  are  suff,iciently 
high  to  select  for  drug-resistant  bacteria  in  the  environment  or 
create  other  adverse  environmental  effects. 

The  Food  and  Drug  Administration  has  invited  the  Environmental 
Protection  Agency,  through  the  Interagency  Regulatory  Liaison  Group 
(IRLG), to  examine  those  uses  for  antibacterials  as  pesticides  for 
possible  hazards  which  might  compromise  the  effectiveness  of  these 
materials  as  drugs  for  humans  and  animals  and  to  develop  ways  the 
two  agencies  might  cooperatively,  address  this  problem. 
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SECTION  5.  DESCRIPTION OE' PROPOSED  ACTIONS AND SUMMARY  OF 
ENVIRONMENTAL  IMPACTS 

The  Bureau  of  Veterinary  Medicine  of  the  Food  and  Drug  Administra- 
tion  is  proposing  a  series  of  actions  which  would  limit  the  use  of 
subtherapeutic  levels  of  tetracyclines  (oxytetracycline  and  chlor- 
tetracycline)  and  penicillin in animal  feeds.  Copies  of  these 
proposals  are  included in  Appendix B. They  are: 

1 .  prohibit  the  use  of  penicillin  in  animal  feeds (42 FR 
43770-43793,  August  30,  1977) ; 

2. Prohibit  the  subtherapeutic  use of tetracyclines  in  animal 
feeds  for  those  label  claims  where  substitute  subthera- 
peutic  drugs  are  available  (42  FR  56254-56289,  October 21, 
1977) ; 

3 .  Limit the  distribution  of  animal  feed  premixes  containing 
penicillin  and/or  tetracyclines  to  feed  mills  that  hold 
FDA-approved  medicated  feed  applications  and  limit  the 
distribution  of  medicated  feeds  containing  these  drugs  to 
the  order  of  a  licensed  veterinarian  (43 FEt 3032-3045, 
January  20, 1978); 

4. Withdraw  approval  of  new  animal  drug  applications  for 
penicillin-streptomycin  premixes  based  on  lack  of 
substantial  evidence  that  the  premixes  are  effective. 

The objectives  of  the  proposed  actions  are: ( 1 )  to  restrict  uses  of 
tetracyclines  and  penicillin  which  might  result  in  a  reduction  in 
their  effectiveness  in  treating  human  and  animal  diseases; (2) to 
withdraw  approval for a  penicillin-containing  premix  (penicillin- 
streptomycin)  which  has  not  been shown to  be  effective. 

5.1. Beneficial  Environmental  Impacts 

1 .  Tetracyclines,  penicillin,  and  drugs  used  in  combination 
with  them in feeds  would  enter  the  environment  in  reduced 
quantities,  reducing  the  potential  for  adverse  effects in 
exposed  populations  of  microorganisms,  plants,  invertebrates, 
and  higher  animals. 

2. No change  in  present  drug-oriented  animal  management 
practices  would  be  required,  due  to  the  availability of 
substitute  drugs  for  restricted  tetracycline  and  penicillin 
uses.  Therefore,  the  potential is very  small  for  the  pro- 
posed  actions  to  result  in  changes in land use patterns, 
more  dependence  on  non-drug  oriented  animal  management 
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procedures,  changes  in  the  present U.S.  production  capacity 
of  food-producing  animals  or  the  quantities  of  energy  and 
feed  used in producing  these  animals. 

3 .  There  should  be  no  net  change  in  the  frequency  at  which 
pathogens  are  spread  from  domestic  farm  animals to wildlife 
since  substitute  drugs  should  prevent  and  control  disease 
in  farm  animal  populations  to  the  same  level  attained  with 
tetracycline  and  penicillin  medicated  feeds.  The  drug 
resistance  patterns  in  the  pathogens  should  contain  peni- 
cillin  and  tetracycline  resistance  factors  at  a  lower 
frequency,  however,  which  would  be  beneficial. 

5.2. Adverse  Environmental  Impacts 

1 .  Substitute  drugs  would  be  used  in  increased  quantities  for 
the  tetracycline  and  penicillin  label  claims  that  would  be 
withdrawn,  with  consequent  increased  introduction  of  these 
substitutes  into  the  environment  and  increased  potential  for 
toxic  effects  on  exposed  organisms. 

2. Increased  demand  for  veterinarians  is  anticipated  for  the 
purposes  of  diagnosing  the  need  for  and  writing  the  orders 
allowing  animal  producers  to  obtain  tetracycline-medicated 
feeds  for  those  uses  that  would  be  permitted  by  the  proposed 
actions.  Presently,  animal  producers  may  obtain 
tetracycline-medicated  feeds  without  consultation 
with  a  veterinarian. 

5.3. Discussion  of  Probable  Adverse  Environmental  Impacts  Which 
Cannot Be Avoided 

To the  extent  that  they  occur,  which  cannot  be  presently  quantified, 
the  adverse  environmental  impacts  identified in 5 . 2 .  above  are 
unavoidable.  Compared  with  other  viable  regulatory  alternatives, 
including "No Action,"  the  adverse  environmental  impacts  are  equal 
or  less  than  the  order  of  magnitude of those  expected  for "No 
Action."  This  statement  is  made  with  the  recognition  that  there  is 
uncertainty  and  scientific  controversy  regarding  the  prediction  of 
environmental  impacts  for  the  proposed  actions, "No Action,"  and 
other  regulatory  alternatives. 

5.4. Description  of  the  Relationship  Between  the  Local  Short- 
Term  Use  of  the  Environment  with  Respect  to  the  Proposed 
Actions  and  the  Maintenance of Long-Term  Productivity 

The  proposed  actions  are  nationwide  in  impact  and  seek  to  maintain 
long-term  animal  productivity  while  avoiding  long-term  human  health 
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r i s k s  by taking  measures 110 assu re   t ha t   t he rapeu t i c   t e t r acyc l ines  
and pen ic i l l i n   r ema in   e f f ec t ive  and tha t   t he re   a r e   subs t i t u t e   d rugs  
f o r  any subtherapeutic  animal  uses  for a par t icu lar   d rug   be ing  
r e s t r i c t e d .  

The proposed  act ions  general ly  conform with  the  reports  of  groups  of 
experts  convened  to  study  the  problem  in  depth:  the Swann Committee 
i n  Great Bri ta in   (1969);   the  World Health  Organization Working  Group 
on the  Publ ic   Heal th   Aspects   of   Antibiot ics   in   Feedstuffs   (1974)  ; 
the  FDA Task  Force on A n t i b i o t i c s   i n  Feed (1972);  and  the  Anti- 
b i o t i c s   i n  Animal  Feed  Subcommittee of the  National  Advisory Food 
and  Drug Committee (1977).. 

5.5. Description  of Any I r r e v e r s i b l e  and I r r e t r i e v a b l e  
Commitment of  Resources Which  Would Be Involved 
with the Proposed  Actions  Should They B e  Implemented 

There   should   no t   be   an   i r revers ib le   o r   i r re t r ievable  commitment of 
resources  should  the  proposed  actions  be  implemented. The  Bureau  of 
Veterinary  Medicine w i l l  be   monitor ing  to   determine  the  effect iveness  
of the  proposed  actions and has  the power t o  modify  or  rescind  the 
ac t ions ,   a s   app ropr i a t e .  However, s ince   the  same types and quanti- 
t ies of na tura l   resources  and energy  are  used  for  most  substi tute 
drugs and  no changes i n  the  present  methods  of animal product ion   a re  
an t ic ipa ted ,   there   should   be  no increased commitment of  resources.  

5.6. Objections  to  the  Proposed  Actions  Raised by I n t e r e s t e d  
Persons 

A l l  object ions  to   the  proposed  act ions w i l l  be   ful ly   addressed by 
the   Bureau   in   no t ices   publ i shed   in   the  FEDERAL  REGISTER. If t he re  
are genuine and subs tan t ive   i s sues  of f a c t  which  remain i n   d i s p u t e ,  
formal   evident iary  hear ings w i l l  be  conducted by the  FDA Administra- 
t i v e  Law Judge. Comments were a l so   rece ived   a t   in formal   hear ings  
conducted by the  Bureau  concerning i t s  January  20,  1978,  (43 FR 
3032-3045) proposal to control   the   mixing and purchase  of  medicated 
feeds  for  food-producing  animals  containing  subtherapeutic  tetracy- 
c l i n e s  and pen ic i l l i n   (d i s t r ibu t ion   con t ro l s   p roposa l ) .  A l l  wr i t t en  
object ions  submit ted  to   the  Bureau and voiced  during  informal  hear- 
i n g s   a r e  on f i l e   w i t h   t h e  FDA Hearing  Clerk and a re   ava i l ab le   fo r  
pub l i c   i n spec t ion .   In   t he  meantime, i t  i s  hoped t h a t   t h e  EIS  has 
addressed most  of the  concerns  about  the  environmental  impacts  of 
the  var ious  regulatory  opt ions  under   considerat ion.  Comments 
received on t h i s   d r a f t  w i l l  be  addressed  in  the  f inal   EIS. 

. .  
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Appendix  A  DETAILED  PHYSICAL,  CHEMICAL,  BIOLOGICAL  AND 

ENVIRONMENTAL  DATA  ON  DRUGS 

A.l. Penicillin,  Tetracyclines  and  Combinations 

A.l.l. Penicillin 

A.1.2. Streptomycin 

A.1.3. Tetracyclines 

A. 1.4. Neomycin 

A.1.5. Sulfonamides 

A.2. 

A.2.1. 

A.2.2. 

A.2.3. 

A. 2.4. 

A.2.5. 

A.2.6. 

A.2.7. 

A.2.8. 

A.2.9. 

A.2.10. 

Substitute  Drugs 

Bacitracin 

Tylosin 

Virginiamycin 

Carbadox 

Lincomycin 

Bambermycins 

Monensin 

Erythromycin 

Oleandomycin 

Organic  Arsenicals 
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APPENDIX A DETAILED PHYSICAL,  CHEMICAL, BIOLOGICAL AND ENVIRON- 
MENTAL DATA ON DRUGS 

A . l .  Pen ic i l l i n ,   Te t r acyc l ines  and  Combinations 

A. 1.1. P e n i c i l l i n  

P roca ine   Pen ic i l l i n  G is admin i s t e red   i n   f eed  as a s ing le   d rug  t o  
chickens,   turkeys,   and  swine  for  purposes of i n c r e a s i n g   t h e i r  rate 
of weight  gain  and  improving  feed  efficiency. Dosages  range  from 
2.4 t o  50 g/ ton of f eed .   Pen ic i l l i n  is used   i n   ch i ckens   t o   p reven t  
and treat chronic   resp i ra tory   d i sease  a t  50-100 g j t o n  of feed. It 
is a lso   used   in   combina t ion   wi th   o ther   d rugs   in   an imal   feed  a t  l e v e l s  
of 2.4 t o  50 g / ton   i n   ch i ckens  and 10-50 g/ ton  in   swine.   (See  Table  
1 f o r   d e t a i l s . )  

A.l.l.l. Chemical  and Phys ica l   P rope r t i e s  
of P e n i c i l l i n  

P e n i c i l l i n  G (Benzylpenic i l l in )  is produced by a mutant of t h e  mold, 
Penic i l l ium chrysogenum, when c u l t u r e d   i n   l i q u i d  medium. As formed, 
p e n i c i l l i n  is an   uns tab le   ac id  which is conver ted   to  a more s t a b l e  
s a l t ,  procaine  penici l l in ,   dur ing  product ion  (Garrod,  Lambert  and 
O'Grady , 1973). 

I n  veter inary  medicine,   the   s lowly  absorbed  procaine  penici l l in  s a l t  
is used in feed. It is s t a b l e   i n  aqueous s o l u t i o n   f o r   s e v e r a l  months 
below 25O. The chemica l   s t ruc ture  of benzy lpen ic i l l i n  is shown below: 

0 
@ Thiozolidine  Ring 
@ Beto-Loctom Ring R - C - N H ~ H ~ H  
@ Site of Action of I@ I O G H 3 '  

Penicillinose 
@ Site of Action of 

Amidase I 
"1 II ,s, CH3 

O=C--PS-CH--COOH 

0 
PENICILLINS 

0 

O=C-N---CH-COOH 
I I  
6 H  

R + 6-AMINOPENICILLANIC ACID PENlClUOlC ACIDS 

Figure A-1. St ruc tu re  of P e n i c i l l i n s  and  Products of t h e i r  
Enzymatic  Hydrolysis  (Weinstein,  1975). 



A-2 

. 

One  gram  of  procaine  peni:cillin G dissolves  in  133-250  ml  water 
and  in 60 m l  chloroform  (Merck  Index,  9th’Ed.).  The  chloroform/ 
water  partition  coefficient  at  pH 7.4 is  0.0096.(Burton  and 
Schanker, 1974):. Aqueous  solutions  are  dextrorohary:and  the  pH 
of a  saturated  aqueous  solution  is  between  5  to 7.5. Penicillin 
is  rapidly  inactivated  by  acids,  alkali  hydroxides,  and  oxidizing 
agents.  Benzylpenicillin is prone-to .enzymatic  hyd.rolysis  by 
beta-lactamase  (penicilli.nase)  at  site (1) (Figure  A-11,  and  by 
an  amidase  at  site (2). In  acid  and  alkaline  solution,  penicillin 
is  readily  broken  down  into  several  compounds  (Regna,  1959;  Katz, 
Fassbender  et  al, 1974).  Some  degradation  products,  upon  combi- 
nation  with  protein,  are  believed  to  produce  hypersensitivity  re- 
actions in man  (Idsoe  et  al,  1968;  Batchelor  et  al, 1,967; Stewart, 
1967). Some  of  these  all.ergenic  breakdown  products  may  be  formed 
upon  storage  of  penicillin  solution or as  an  impurity  in  freshly 
produced  penicillin. 

Penicillin  deteriorates  slowly  in  solution  (Garrod,  Lambert  and 
O’Grady,  1973).  This  deterioration  is  gccelerated  by  heat.  There 
is 100% destruction  in 30 minutes  at  71  C  but  only  54.78%  destruc- 
tion  at  62OC  in 30 minutes  (Shahani et al, 1956). 

A.1.1.2.  Action  of  Penicillin  Upon  Micro- 
organisms 

A.1.1.2.1. Mechanism  of  Action  of 
Penicillin 

Bacterial  cell  walls  contain  a  complex  polymer  made  up  of  carbo- 
hydrate  and  peptides,  termed  mucopeptide,  Penicillin  acts  by  block- 
ing  the  terminal  reaction  in  the  formation  of  this  compound,  which 
makes  up  a  large  part  of  the  cell  wall  backbone  in  bacteria  strain- 
ing  with  Gram-stain  (Gram-positive),  but  only  a  small  part  of  the 
Gram-negative  cell  wall.  The  mucopeptide  on  which  penicillin  acts 
is found  only  in  bacteria  and  blue-green  algae;  therefore  penicillin 
would  not  be  expected  to  often  have  any  direct  activity  upon  higher 
plant  and  animal  life  forms. 

A.1.1.2.2, Antimicrobial  Spectrum 
of  Penicillin 

The  minimum  inhibitory  concentrations  (MICs)  of  penicillin  required 
to  prevent  growth  of  various  bacteria  are  summarized  in  Table  A-1. 
Penicillin G is especially  acti-ve  against  Gram-positive  bacteria 
and  Gram-negative  cocci. As can  be  seen  in  Table  A-1,  ampicillin, 
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a  semi-synthetic  derivative  of  penicillin  which  is widely,used 
in  human  medicine, is better  able  to  penetrate  the  Gram-negative 
cell  wall  than  penicillin;  thus it has  a 4- to 8- ,fold.  'lower  MIC 
against E. coli  and  Salmonella  than  penicillin, ahhough it is 
somewhat  less  active  against  Gram-positive  organisms.  MICs of 
penicillin  in  highly  sensitive  species  range  from -015 to -06 
ugjml (ppm). Salmonella  typhi,  Hemophilus  influenzae  and  Strep- 
tococcus  faecalis  are  inhibited  by 1-8.ugjml. 

Table A-I 

Sensitivity  of  Bacteria t o  the  Penicillins:  Usual  Minimum 
Concentration  (ug/ml)  Causing  Complete  Bacteriastasis  with 
a  Moderate  Inoculum 

Staph.  aureus* 

- Str . pneumoniae 
- B. anthracis 
- C1. welchii 
- N. gonorrhoeae 
- N. meningitidis 
- N. catarrhalis 

- S tr . pyogenes 

- Str.  faecalis 
- H. inf  luenzae 
Salmonella a. 
Salm.  typhi 
Shigella a. 
Esch.  coli 

- 
-- 

Benzyl 
Peni.cillin 

0.03 
0.015 
0.015 
0.008 
0.06 
0.015 
0.03 
0.03 

2 
1 
8 
4 
16 
64 

Ampicillin 

0.06 

0.06 
0.06 

0.03 

0.125 
0.06 
0.015 

2 
0.25 

2 
1 
4 
8 

Proteus  mirabilis 32 4 
Proteus  mirabilis+ >250  >250 
Proteus  vulparis >250  64 
Proteus  rettgeri 4->250  2->250 
Proteus  morgani >250  128->256 
Klebsiella  aerogenes >250 16->250 

*Non-penicillinase-forming. +Penicillinase-forming 
(Garrod,  Lambert,  et  al, 1973) 
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A.1.1.3. Introduction  of  Penicillin 
into  the  Environment 

A.i.X.3.1. Production 

No details  of  production  processes  and  their  effluents 
for  penicillin  or  penicillin-  premixes  were  submitted  in 
response  to  the  Call  for  Environmental  Information (42  FR 
27264). In  general,  the  batch  fermentation  process  used  for 
producing  penicillin  and  other  antibiotics  requires  large 
quantities  of  water  and  yields  as  primary  liquid  wastes  the 
spent  fermentation  beers  or  culture  medium;  inorganic 
solids,  such  as  diatomaceous  earth,  used  as  filter  aids; 
flow  and  equipment  washings;  and  chemical  wastes,  including 
solvents  used  for  extract:ing  the  antibiotics  from  fungal 
mycelia  (EPA, 1976). It is  probable  that  small  quantities 
of penicillin  also  escape  in  released  fungal  mycelia, 
culture  media,  and  equipment  washings.  The  quantities  of 
these  pollutants  reaching  receiving  waters  depend  on  the 
degree  of  wastewater  treatment  applied,  which  varies from 
one  manufacturing  facility  to  another.  The  manufacture  and 
mixing  of  these  compounds  may  also  present  an  occupational 
hazard  through  the  introduction  of  potentially  allergenic 
compounds  into  the worker's  environment  (Pototski  et  al, 
1962; Caplan, 1969). 

A . l . l . 3 . 2 .  Feeding  and  Excretion 
by  Chickens 

When  procaine  benzylpenicillin  is  fed  to  chickens,  there  is 
little  absorption  of  the  active  drug  across  the  gut  wall. 
Penicillin  is  almost  totally  inactivated  within  the  intestinal 
tract so that  excretion  of  the  parent  compound  does  not  occur 
(Bare  et  al, 1965). However,  there is evidence  which  suggests 
that  at  least  one  degradation  product,  penicilloic  acid, 
remains  bioactive  (Katz  et  al, 1974). 

A.1.1.3.3. Excretion  by  Swine 

Because  there  are  no  precise  data  available on swine  excretion, 
we  must  rely  upon  interpolation  of  the  following  data  for 
humans  to  apply  to  swine.  After  oral  administration  in  man, 
about 33% of a  dose  of  penicillin  is  absorbed.  The  unabsorbed 
portion (66%) passes  into  the  intestine  where  it  is  largely 
inactivated.  After  absorption,  about 20% of the  oral  dose  is 
excreted  as  the  active  drug  in  the  urine of man  (Weinstein, 
1975) . 
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A.1.1.3.4. Tissue  Residue  Exposure 

The  potential  for  induction  of  hypersensitivity  reactions  by 
ingestion  of  penicillin  in  meat  has  been  extensively  reviewed 
(Huber,  1971).  Although  accidental  ingestion  of  penicillin 
in  milk  or  cheese  has  been  shown  to  cause  hypersensitivity 
reactions  (Borrie  and  Barret, 19611, only  one  report  of  a 
reaction  to  penicillin  in  food  is  known  to  the  Agency; 
according  to  Tschevschner  (1972),  an  anaphylactic  reaction 
occurred  in  a  butcher  who  consumed  freshly  slaughtered  pork. 
A  level  of  0.31  ppm  of  penicillin  was  found  in  comparable 
tissues  from  this  animal,,  Investigations  showed  that  this 
animal  had  received  a  penicillin  injection  only 3 days 
prior  to  slaughter. 

Examination of  1976  USDA  biological  residue  reports  (selected 
edible  tissue)  reveals  that  one  of  ten  samples  from  swine 
liver  contained  detectable  amounts  of  penicillin.  None  was 
found  in 10 swine  muscle  samples  nor  in  247  swine  kidney 
specimens.  However,  residues  were  found  in  tissues  from 
cattle  and  calves,  which  receive  penicillin  in  injectable 
form. 

In  a  study  by  Messersmithl  et a1 (1967),  swine  were  fed  three 
to  five  times  their  normal  quantity of chlortetracycline  at 
100 g/ton,  sulfamethazine  at 100 g/ton,  and  penicillin  at 50 
g/ton  continuously  for 14. weeks.  Edible  tissues  were  free  of 
detectable  penicillin  residues  after 0.5  and 7 days of with- 
drawal,  respectively. 

A.1.1.3.5. Occupational  Exposure 
to  Penicillin 

The  highest  prevalence  of  penicillin  hypersensitivity  (51.2%) 
has  been  reported  for  workers  in a penicillin  factory  (Pototski 

in  a  farmer  who  had  administered  penicillin to sick  cows  and  a 
case  of  chronic  skin  inflammation  in  a  feed-mill  worker  caused 
by inhalation  of  penicillin  when  it  was  being  added  to  commer- 
cial  livestock  feed.  Hjorth  and  Weismann  (1973)  describe 
occupational  dermatitis  among  veterinarians  resulting  from pro- 
caine  penicillin.  Other  examples  of  dermatitis  and  asthma 
from  occupational  exposures  to  penicillins  have  been  described 
(Davies  et  al,  1974;  Schulz  et  al,  1970;  Garth  et  al, 1971). 

- et -9 a1 1962).  Caplan  (1969)  has  reviewed  a  case of dermatitis 
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A.1.1.4. Fate  and  Effects  of  Penicillin 
in  the  Environment 

A. 1.1.,4.1. Persistence 

Penicillin  and  other  antibiotics  are  produced  by  soil  fungi  in 
small  quantities.  Although  some  authors  believe  that  anti- 
biotics  are  synthesized t o  fight  competing  microbes,  others 
believe  that  they  are  secondary  metabolites  surviving  only  under 
special  conditions  in  the  soil.  Biologically  produced  molecules 
are  often  biodegradable.  Excretion  data  presented  above  suggest 
that  intestinal  bacteria  are  responsible  for  the  high  degree  of 
penicillin  inactivation  observed  after  oral  administration  to 
target  animals.  Penicillin  deteriorates  slowly  in  solution  and 
in  heat  (Garrod,  O'Grady  et  al,  1973).  Alkaline  inactivation 
occurs  (Simberkoff  et  al,,  1970).  Penicillin  destroying  enzymes 
are  also  present  in  nature,  in  the  blue-green  algae  (Kushner  and 
Breuil,  1977)  and  in  numerous  soil  microorganisms,  such  as 
Alcaligenes  or  Pseudomonas. No studies  are  known  that  examine 
the  period of time  required  for  penicillin  to  be  inactivated 
after  addition  to  various  soil  types  or  animal  wastes. 

However,  the  presence  of  penicillin-inactivating  enzymes  in  a 
variety  of  microorganisms;,  the  natural  production  of  penicillin 
by soil  fungi,  and  the  relatively  uncomplicated  structure  of  peni- 
cillin  all  imply  that  the  environmental  half-life  of  penicillin  has 
been  estimated  to  be  less;  than  a  week. 

A.1.1.4.2. Mobility 

In  one  study,  Pinck,  Holton  and  Allison  (1961)  found  that  peni- 
cillin  was  not  adsorbed by clays,  such  as  montmorillonite,  vermi- 
culite,  illite  and  kaolinate,  because of its  acidic  nature,  This 
finding,  plus  the  relatively  high  solubility  of  penicillin  in  water, 
suggests  that  penicillin  reaching  the  soil  could  be  readily  mobile  in 
soil  water  and  runoff. 

A.1.1.4.3. Bioaccumulation 

Few  studies  are  known  indicating  the  degree  to  which  penicillin  and 
its  metabolites  are  actively  accumulated  in  plants,  microorganisms, 
and  lower  animals.  Under  special  circumstances,  penicillin  can  be 
absorbed  in  higher  plants  (Royse  et  al, 1975). Uptake  of  acidic  peni- 
cillin  in  cherry  laurel  leaves  was  shown  experimentally  (Charles,  1953). 
Absorption  of  penicillin  in  low  quantities  was  also  demonstrated  in 
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the  cell  sap  of  vacuoles  from  the  large-celled  fresh  water  algae, 
Nitella  clavata  (Pramer, 1955). The  presence  of  penicillin in 
tissue  residues  of  some  animals  upon  slaughter  indicates  that  some 
short  term  storage  occurs.  However,  the  Agency  has  no  knowledge 
of  long-term  bioaccumulation  in  these  or  other  organisms. 

A.1.1.4.4. Toxicity 

Modern  penicillin  preparations,  such as benzylpenicillin,  are 
generally  regarded  as  non-toxic  to  man  and t o  most  mammals 
other  than  the  guinea  pig.  Concentrations  of  benzylpenicillin 
of 59 mg/lOO m l  in serum  and  tissues  have  caused  no  symptoms 
in  humans,  which  suggests  that  this  drug is less  toxic  than 
many  "physiological"  substances  (Stewart, 1964). 

Most  concerns  regarding  adverse  effects  of  penicillin  center 
around  hypersensitivity  reactions  to  it,  which,  according  to 
some  authors  (Huber, 1971; Merck  Vet.  Manual,  4th  Ed., 1973), 
occur  in  animals  as  well  as  in  man.  Extremely  small  quantities 
of  penicillin  can  produce  human  hypersensitivity  reactions, 
however.  A  case  of  dermatitis  was  reported  after  ingestion  of 
.03  units ( .18 ug)  of  penicillin  (Stewart, 1973).  

As  much  as 10% of  the  North  American  population  may  be  allergic 
to  penicillin  (Stewart  and  McGovern, 1970).  As discussed  earlier, 
degradation  products  from  acid  and  alkaline  breakdown,  as  well  as 
storage  or  impurities  in  fresh  penicillin  are  responsible  for  hyper- 
sensitivity  reactions  (Parker, 1963; Levine  and  Ovary, 1961). 

Since  the  action of penicillin  against  microorganisms  results 
from  interference  with  bacterial  cell  wall  formation,  penicillin 
is  unlikely  to  exert  any  direct  effect  upon  higher  plants  and 
animals  in  the  environment  which  lack  this  type  of  cell  wall 
(not  containing  acetylmuramic  acid).  Penicillin  G  has  little 
effect  upon  germination  of  the  fungus  Phytophthora  cinnamoni 
(Mircetich, 1970).  After  penicillin  treatment  (absorption 
after  soaking in penicillin  and  dichloromethane),  seeds  from 
the  soybean,  Glycine s, contained  antibiotic  activity. 
Germination  and  seeding  vigor  were  not  affected  (Royse  et  al, 
1975).  Benzylpenicillin  has  been  fed  to  larvae  of  a  fly, 
Apria  affinis.  At  sufficient  levels  it  produced  prolongation 
of larval  life,  inhibition of  development,  and  increased' 
mortality in  larval  and  pupal  stages  (Singh  and  House, 1970).  
In another  study,  the  green  peach  aphid  Myzus  persicae  was 
given  Penicillin G ,  which  had only a  slight  effect  upon  the 
survival  and  reproduction  of  adults,  and  upon  the  growth  and 
development  of  larvae  -(Mittler, 1971; Harries  and  Wiles, 1966). 
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Similarly,  when  larvae of the  rice-weevil,  Sitophilus 
oryzae,  were  fed  Penicillin  G  to  eliminate  bacteroid  microor- 
ganisms,  larval  growth  and  development  were  not  affected  (Baker 
and  Lum, 1973). 

A mixture  of  procaine  Penicillin G, dihydrostreptomycin  sul- 
fate  and  oxytetracycline  HC1  administered  subcutaneously  to  the 
adult  spring  chinook  salmon,  Oncorhynchus  tshawytscha,  was 
shown  not  to  be  toxic.  The  mixture  controlled  bacterial 
diseases  caused  by  Corynebacterium  and  Aeromonas  salmonicida, 
and  produced  a  3-fold  increase  in  adult  survival  and  production 
of  viable  eggs.  However,  birth  defects  such  as  mandible  and 
fin  teratogenesis  occurred  in  progeny  of  treated  adults; 
this  could  be  reduced  by  providing  a  32-day  interval  between 
injection  and  spawning  (DeCew,  1972). 

Penicillin  has  a  unique  toxicity  for  the  guinea  pig  (Farrar  and 
Kent, 1965). This  toxicity  has  been  attributed  to  inhibition  of 
Gram-positive  gut  microflora  and  to  increased  prevalence  of  Gram- 
negative  intestinal  organisms,  rather  than  to  any  inherent  toxic- 
ity  of  penicillin  or  its  degradation  products  (Maleta  and 
Storozhea, 1968; Forti  and  Guerra,  1969). 

The  action  of  penicillin  on  bacteria  in  the  environment  is  more 
difficult  to  assess,  sinc:e  bacteria  tested  in  vitro  are  sometimes 
sensitive  to  very  low  quantities  of  penicillin.  Penicillin  exerts 
an  effect  upon  bacterial  plant  and  animal  pathogens  as  well  as  upon 
the  free-living  bacteria  and  symbiotic  bacteria  involved  in  nitrogen- 
fixation. No studies  are  known  that  have  examined  the  effect of 
penicillin  on  the  species  composition  of  soil  bacteria.  Although 
penicillin  residues  in  soil  would  be  toxic  to  some  sensitive  bacteria, 
e.g. Erwinia  (Grula  and  Gkula,  1965),  they  would  also  select  for  drug- 
resistant  microorganisms.  Indeed,  drug  resistance  has  been  shown  to 
occur  in  plant-pathogens  (Sakurai  et  al, 1976). Transmissible  bacterial 
resistance  to  penicillin,  kanamycin,  and  tetracyclines  was  transferred 
from  Escherichia  coli  to  members  of  the  plant  bacteria,  Rhizobiaceae, 
including E. trifolii  and. &. meliloti  (Datta  et  al,  1971).  Transfer 
of  R-plasmids  to  free  living  nitrogen-fixing  bacteria,  such  as  Citro- 
bacter  freundii, is well-documented  (Falkow,  1975).  Clostridium  also 
has  been  shown  to  possess  drug-resistance  plasmids  (Sebald  and  Brefort, 
1975). It is  another  common  soil  bacterium. 
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A.1.1.4.5. Penicillin  Resistance 

In  the  presence  of  penicillin,  bacteria  resistant  to  this  anti- 
biotic  are  selected  over  sensitive  strains  and  tend  to  become 
predominant,  Alt,hough  organisms  such  as E. coli  or  Salmonella 
are  sensitive  to  lower  quantities  of  ampicillin  than  penicillin, 
the  presence  of  large  amounts  of  penicillin  will  select  for  ampi- 
cillin  resistant  strains.  Penicillin  (ampicillin)  resistance  genes 
occur  both  on  chromosomal DNA and  on  extrachromosomal  (plasmid)  DNA. 
These  genes  specify  production  of  an  enzyme,  beta-lactamase,  which 
splits  both  penicillin  and  ampicillin  at  the  beta-lactam  ring.  The 
topic of penicillin  resistance  and  its  relation  to  human  safety  is 
reviewed in the  Penicillin  Notice of Opportunity  for  a  Hearing 
(See  Appendix B). Development  of  microbial  resistance  to  penicillin 
in  chickens  and  swine  is  reviewed  below. 

Development  of  Penicillin  Resistance  in E .  coli  and  Salmonella 
from  Chickens. 

A  study  was  made  by  the  Animal  Health  Institute  (submitted  to  FDA 
on  April 18, 1974)  of  the  effect  of  adding 50 g/ton  penicillin  to 
the  feed of chickens  expe;rimentally  inoculated  with  Salmonella  in 
comparison  with  non-medicated  birds.  This  study,  which  showed 
increased  ampicillin  resistance  in  E,  coli  and  Salmonella  from 
medicated  birds,  is  reviewed  at 42 FR 43772 (Appendix B). 

A  number  of  other  studies  has  shown  production  of  resistance 
to  ampicillin  and  other  antibiotics  in E. coli  and  Salmonella 
from  chickens  fed  penicillin;  (Katz  et al,  1974;  Reid,  Elam,  Couch 
- et -, a1 1954;  Smith  and  Tucker,  1975;  Snoeyenbos,  1975).  The  de- 
gradation  product,  penicilloic  acid,  also  selects  for  bacterial 
resistance  in  chicken E. coli  (Katz  et al, 1974). 

Unpublished  FDA  research  in  dogs  fed  subtherapeutic  doses of peni- 
cillin  showed  a  large  increase  in  the  percentage  of  ampicillin- 
resistant E. coli  in  comparison  to  non-medicated  animals.  Dis- 
continuation  of  medicated  feed  resulted  in  a  drop  in  ampicillin- 
resistant  coliforms;  however,  these  remained  much  greater  in 
medicated  than  in  non-medicated  dogs. As penicillin  resistance 
increased in medicated  dogs,  there  was  a  statistically  significant 
simultaneous  increase  in  resistance to  other  antibacterial 
agents  (Rollins  et  a1 1977). - -7 

In  a  number  of  studies,  use  of  penicillin in feed  has  been  cor- 
related  with  the  occurrenc:e  of  high  levels  of  fecal E. coli 
resistant  to  penicillin  (ampicillin)  (Siege1  et al, 1974;  Wells 
and  James,  1973; Huber-et al,  1971)-  About 30% of coli in 
an  Animal  Health  Institute.  survey  (Gustafson  1976)  were 
ampicillin-resistant,  Larger  amounts of ampicillin  resistance 
are  found  in  Salmonella gphimurium than  in 2. choleraesuis 
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(Wilcock e t  a l ,  1976). :In Denmark, where use  of major a n t i b i o t i c s  
i n   f eed   has   been   r e s t r i c t ed   s ince  1972,  swine  coliforms  from  17 
herds  showed a drop   in   mul t ip le - res i s tan t   o rganisms  f rom 68% t o  
9.5%; s imul t aneous ly   t he re   has   been   an   i nc rease   i n   an t ib io t i c  
s e n s i t i v e   s t r a i n s  from  all1  herds  from 3% t o  36%.  The most marked 
decrease of drug-resistant  organisms  occurred  within  closed  herds,  
from 64.9% t o  2.0% (Larsen  and  Nielsen,  1975).  Ampicillin resist- 
ance was found i n  only 5 ou t  of 164 E. c o l i   s t r a i n s   i n  1972. 

The occurrence of R-plasmids con ta in ing   ampic i l l i n   r e s i s t ance   has  
been documented i n  many o the r  Gram-negative  fermentative  intes- 
t i n a l   b a c t e r i a   ( E n t e r o b a c t e r i a c e a e )   i n   a d d i t i o n   t o  E. c o l i  and 
Salmonella.  Arizona is a frequent  poultry  pathogen,  while Kleb- 
siella pneumoniae  and Ci t robac ter  are p r e s e n t   i n   s o i l   a n d  impor- 
t an t  i n   n i t r o g e n   f i x a t i o n .  Many organisms  outside  the  Enterobac- 
tericeae a l s o  have  been shown to  possess  plasmid-mediated  ampicil l in 
res i s tance .   These   inc lude   Pas teure l la  (Chang e t  a l ,  1976; S i l v e r ,  
19771, Bordetella  (Terekado  and  Mitsuhashi,  1974), Pseudomonas 
(Datta e t  a l ,  1971),  and  Staphylococcus (Sheehy  and  Novick,  1975). 
Plasmids  also  have  been  found in   Vibr io   cholerae ,   Clos t r id ium and 
Streptoccoccus (Hedges  and Jacob,  1975;  Sebald  and  Brefort,  1975; 
Jacob  and Hobbs, 1974). R-plasmid t r a n s f e r  between E. c o l i  and some 
unrelated  organisms,  such as Borde te l la ,  Rhizobium,  and Pseudomonas 
has  been  demonstrated (Daltta e t  a l ,  1971;  Terekado  and  Mitsuhashi, 
1974). 

There  have  been  recent  outbreaks  in humans of d i sease   due   t o   ampic i l l i n -  
r e s i s t a n t  Neisseria gonorrheae and  liaemophilus  influenzae  (Wilkinson 

1975; Hansman, 1975; Murphy, 1974);   as a r e s u l t ,  some infec ted   ind iv id-  
u a l s  are not   responding   to   an t ib io t ic   therapy .  The i d e n t i t y  of t he  ampi- 
c i l l i n   r e s i s t a n c e   d e t e r m i n a n t s   i n  Neisseria gonorrheae,  liaemophilus 
inf luenzae  and E. c o l i   h a s  been shown (Elwell  e t  a l ,  1975; E l w e l l  e t  a l ,  
19771,   l ead ing   to   pos tu la t ions   tha t   the   pa thogenic  R-plasmids are derived 
from  the common E. co l i   poo l .  

- e t  -3 a1 1976;  Nelson,  1974; h e r  Acad. of P e d i a t r i c s ,  1975; Emerson e t  a1 - -3 

- -  E. c o l i  are p r e s e n t   i n   t h e   i n t e s t i n e s  of man and  animals  and i n   t h e i r  
surrounding  environment  and are known t o   t r a n s f e r   t h e i r  R-plasmids t o  
common enteric  pathogens  such as Salmonella  typhimurium, as well as t o  
plant  pathogens  (See  A.l.l.4.4.). 

Extrachromosomal r e s i s t a n c e   t o   p e n i c i l l i n s   a l s o   o c c u r s   i n   S t a p h y l o c o c c u s ;  
i t  is o f t e n  accompanied by res i s tance   to   e ry thromycin ,   t e t racyc l ines ,  
chloramphenicol,  kanamycin,  and  heavy metal ions  such as a r sena te  and 
arseni te .   These  plasmids  a lso may code  for   product ion of toxic  sub- 
s tances   such as coagulase  or   enterotoxin.   Staphylococci  do not mate. 
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However,  bacteriophage  mediated  transduction  may  occur. 
This  has  been s own tg take  place  in  mice,  with  a  transfer 
rate  of 1 in 10 to 10 , the  rate  increasing  10,000-fold 
in  the  presence  of  antibiotic  (Novick  and  Morse,  1967)- 
These  authors  have  also  shown  transfer  on  human  skin.  The 
staphylococcal  enzymes  do  not  cross-react  immunologically 
with  those  from  Gram-negative  organisms  and  do  not  appear  to 
be  related.  Some 80% of  staphylococci  encountered in the 
hospital  are  penicillin-resistant.  Betinova  (1972)  compared 
coagulase  positive  Staphylococcus  aureus  from  town  and 
country  populations,  also  examining  feeders  of  domestic 
animals  (poultry  and  pigs)  being  given  chlortetracycline 
(CTC), pharmaceutical  workers  producing  CTC  or  penicillin, 
and  patients  and  staff  from  surgical  and  pediatric  clinics. 
Workers  in  penicillin  production  and  groups  associated  with 
the  surgical  or  pediatric  clinic  had  much  greater  levels  of 
penicillin-resistant  staphylococci  than  controls. 

B 

Streptococcal  resistance  to  penicillin also occurs,  and  is 
becoming  more  common  (Sukchotiratana  and  Linton,  1957)  along 
with  pneumococcal  resistance. It is  not  known  whether  this 
resistance  is  plasmid-mediated, 

A.1.2. Streptomycin 

Streptomycin  is  used  in  combination  with  penicillin  for 
weight  gainlfeed  efficiency  and  treatment  of  chronic  respiratory 
disease,  bluecomb,  infect:ious  sinusitis  and  hexamitiasis  in 
chickens  and  turkeys, It. is also used  as  a  growth  promotant 
in  swine  and  to  treat  bacterial  enteritis.  The  additive 
effect  of  penicillin/streptomycin  over  penicillin  alone  was 
not  demonstrated  in  the  NAS-NRC  review  (See  42 FR 29999, 
June 10, 1977). 

A.1.2.1. Chemical  and  Physical  Properties 

Streptomycin  is  an  aminoglycoside  compound  produced by  the 
fungus  Streptomyces  griseus  and  discovered  in  1944  after  a 
systematic  search  for  antibiotic-producing  soil  organisms- 

Streptomycin  is  composed  of 3 compounds:  streptidine,  streptose 
and  N-methyl  glucosamine,  linked  together  (Figure A-2). ~ 
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Streptose 

N-methyl glucosamine 

Figure A-2 Structure of Streptomycin (Merck Index, 1976) 
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The.streptomycin used in  animal  feed is the  sulfate  salt 
(actually  the  sesquisulfate),  with  the  empirical  formula 

C42H84N14036S3* 

It is highly  soluble in water  sparingly  soluble  in  organic d solvents.  Solubilities  at 28 C  are:  isopropanol, 10 ppm; 
petroleum  ether,  15  ppm;  carbon  tetrachloride, 35 ppm;  ether, 
35 ppm  (Weiss  et  al,  1957). 

Streptomycin  is  a  relatively  stable  substance.  In  solution it 
remains  active  at  or  below  28OC  at  pH 3 to 7  for  about  two 
months.  At  a  temperature  of  85  C,  the  activity  of  solutions 
of  the  drug  is  reduced  by  about  50%  in 37 hours :hen the  pH  is 
5.5. Dilute  buffered  solutions  at  pH 6 to 8 (lOoC) remain 
stable  for  at  least  three  months.  Heating  at 70 C for 30, 
minutes  produces  no  appreciable  loss  in  activity.  At 100 C 
half of the  antibacterial-  effectiveness is lost  in 10 minutes. 
The  drug  is  unaffected  by  exposure  to  air  and  light,  though  it 
is  quite  hygroscopic  and  will  deliquesce  upon  exposure  to  air 
(Weinstein & Ehrenkrant,  1958)- 

0 

A.1.2.2. Action of Streptomycin on Microorganisms 

A.1.2.2.1. Mechanism  of  Action 

Streptomycin,  as  with  other  aminoglycosides,  acts  directly  upon 
a  special  subunit  in  the  bacterial  ribosome,  preventing  amino 
acids  from  being  polymerized  into  proteins.  In  addition,  the 
binding  of  streptomycin  to  sensitive  ribosomes  may  cause 
misreading  of  the  genetic  code  (as  specified on  messenger RNA). 
(For  more  details  see  Weinstein,  1975;  Weisblum  and  Davies, 1968; 
Nomura  et  al, 1969; Davies  and  Davis, 1968). 

A.1.2.2.2. Antimicrobial  Spectrum 

High  concentrations  of  streptomycin  are  bactericidal,  whereas 
low  concentrations  are  bacteriostatic  in  vitro.  Resting  cells 
are  less  susceptible  to  the  drug  than  are  multiplying  bacteria, 

One of the  factors  influencing  the  antimicrobial  effectiveness 
of streptomycin  is  the  pH of the  medium.  There  is 20 to 80 
fold  increase  in  potency  at  pH 8.0 as compared to pH  5.8. 
Streptomycin  is  considerably  less  antibacterial  under  anaerobic 
conditions  (Garrod,  Lambert  et  al, 1973). 
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Bacteria  grown in vitro  (in  culture)  inhibited  by  less  than 10 
ug/ml  (ppm)  of  streptomycin  are  generally  considered  sensitive 
to it; those  suppressed  by 10 to 100. ug/ml  are  classed  as 
moderately  sensitive; arid those  that  are  affected  only  by  more 
than 100 ug/ml  are  classed  as  resistant. 

Among  the  Gram-negative  microorganisms  that  are  sensitive  to 
concentrations  of  streptomycin  readily  attainable  in  man  are 
Brucella,  Erysipelothrix,  Haemophilus  ducreyi,  Listeria  mono- 
cytogenes,  Pseudomonas  I_Actinobacillus)  maellei , Nocardia, 
Yersinia  (Pasturella)  pestis,  Francisella  (Pasteurella)  tularensis, 
many  but  not  all  strains of Mycobacterium  tuberculosis,  and 
Shigella.  The  species  with  strains  exhibiting  a  wide  variation in 
susceptibility  include  Streptococcus  (Diplococcus)  pneumoniae, 2. 
typhi  and  other  Salmonella,  Escherichia  coli, g. influenzae, 
gonococci  and  meningococci,  vulgaris,  Staphylococcus 
aureus,  Staph.  epidermidis,  Strep.  pyogenes  (group A ) ,  Strep.  faecalis, 
the  viridans  group of streptococci,  and  Vibrio  cholerae. The 
minimal  inhibitory  concentrations (MICs) for  some of these  vary 
more  than  a  thousand-fold  range  (Weinstein, 1975). See  Table 
A-I1 for  further  information. 

Table A-I1 

Sensitivity of Bacteria  to  Streptomycin 
(N.B.-Resistant  variants  are  common  with  all  species.) 

Gram-negative 
Bacteria 

- -  E. coli 
- Kl. aerogenes 
- IU. pneumoniae 
Proteus a. 
- Ps.  aeruginosa 
Salm: typhi 
Salm.  paratyphi 
Salm. B. 
- Sh. sonnei 
- Sh.  flexneri 
- N. gonorrhoeae 

M.I.C. 
ug/ml 

2 - 4  
2 
1 

4->256 
16-64 
8-16 
4- 8 
4-16 
2- 4 
2- 8 

4 

Gram-positive M.I.C. 
Bacteria  ug/ml 

Staph.  aureus 2 
- Str.  pyogenes 32 
- Str.  pneumoniae 64 
- Str.  faecalis 64->256 
Clostridium x. >128 

Myco. tuberculosis 0.5 

Garrod,  Lambert  et  al, 1973. 
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A.  1.2.3. Introduction  into  the  Environment 
of  Streptomycin  or  Active  Metabolites 

A.1..2.3.l. Production 

No details  have  been  provided  by  the  producers on  manufacture 
of  streptomycin, in response  to  the  Call  For  Environmental 
Information (42 FR 27264:).. Streptomycin  is  a  fermentation 
product  creating  wastes  similar  to  those  described  for 
penicillin (A,1.1.3.1.), 

A.1.2.3.2, Excretion  by  Animals 

Oral  administration  of  streptomycin  is  satisfactory  for 
treatment  of  enteric  infections,  but  unsuited for  systemic 
disease  because it is  poorly  absorbed.  Absorption  of 
streptomycin  from  the  alimentary  canal is poor in all 
mammals.  Two-thirds (66%) or  more  of  an  oral  dose  of 
streptomycin  can  be  recovered  from  the  feces  (Huber, 
1971). The  small  amount  of  streptomycin  absorbed,  if  any, 
would  undergo  the  same  fate  as  injected  drug-circulation in 
the  extracellular  fluids,  apparently  bound  to  plasma  proteins. 
About  50%  of  absorbed  streptomycin  would  be  excreted  in  the 
urine  unchanged  (Weinstein,  1975),  with  about 2% entering 
the  feces  via  the  bile  duct.  Extrapolating from  this  human 
data,  of  the  33%  streptomycin  absorbed,  15%  would  be  ex- 
creted  in  urine  and  2% in feces of swine,  Added  to 66% 
initial  fecal  excretion,  this  would  approximate 83% total 
excretion  in  swine. 

No studies  are  known  on  t,he  metabolism  and  excretion  of 
streptomycin  in  chickens.  We  believe  that  no  significant 
quantity  of  streptomycin  is  absorbed  from  the  intestinal 
tract,  The  drug  is  not  inactivated  in  the  gut  and  is 
therefore  excreted  quantitatively  as  active  streptomycin in 
the  feces. 

A.1.2.3.3. Streptomycin  from  Tissue  Residues 

According  to  1976  USDA  reports  published  on  biological 
residues  in  poultry,  one  violation  was  found in  10 liver 
specimens  examined  and  another  was  found  in  247  samples  of 
kidney  examined. No violations  were  found  in  swine,  but  one 
in  177  chicken  kidneys  sampled  and  another  in 491 turkey 
kidneys  examined. 
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A.1.2.4. Fate  of  Streptomycin in  the  Environment 

A.1.2!.4.1. Persistence  and  Degradation 
in  Soil  and  Water 

Streptomycin  forms  strong  complexes  with  the  clay,  montmoril- 
lonite.  There  was  somewh:at  less  adsorption  by  other  clays  (vermi- 
culite,  illite,  and  kaolinite)  and soils (Orella,  Myersville, 
Miami,  Cecil),  depending  upon  their  content  of  clay  and  organic 
matter  (Pinck,  Holton  and  Allison, 1961). Earlier  workers  had 
generally  believed  streptomycin  to  be  inactive  (Siminoff  and 
Gottlieb,  1951;  Jeffreys,  1952)  when  adsorbed  by  soil  and  mont- 
morillonite.  Soulides,  Pinck  and  Allison  (1961),  however,  deter- 
mined  that  bioactive  streptomycin  is  desorbed from  soils  and  clays, 
using a zone  inhibition  bioassay  technique.  Some  workers  believed 
it  to  be  microbiologically  decomposed in  soil  (Jeffreys,  1951; 
Pramer  and  Starkey, 1951).  Pramer  and  Starkey  (1972)  found 
that  more  than  half of the  biological  activity  had  disappeared 
within  a  week  from  normal  soil  and  all  bioactivity  within  two 
weeks. 

A.1.2.4.2. Mobility 

The  strongly  basic  streptomycin  is  desorbed  easily  by  kaolinite 
but  remains  adsorbed  to  montmorillonite,  vermiculite  and  illite 
clays.  It  is  released  somewhat  from  Cecil  soil,  which  contains 
a  portion  of  vermiculite  (Soulides,  Pinck  and  Allison, 1961). 

A.1.2.4.3. Bioaccumulation 

Since  large  amounts of streptomycin  are  excreted  in  the  bioactive 
form,  uptake of the  drug  :residues  by  plants  and  animals  is  of 
potential  importance.  Streptomycin  is  licensed  by  the  Environ- 
mental  Protection  Agency i3s a  fungicide  to  treat  seedling  plants 
and  potatoes,  and  to  control  fire  blight  of  apples,  crab  apples, 
pears  and  quinces  (caused  by  Erwinia  amylovora).  However,  quanti- 
ties  of  streptomycin  currently  used  for  this  purpose  are  not  pre- 
sent  ly  known  by  FDA. 

According  to  Goodman (196:2), the  initial  phase of streptomycin 
uptake  is  adsorption  to  the  surface  of  a  plant.  Cationic  (posi- 
tively  charged)  antibiotics  such  as  streptomycin  satisfy  negative 
receptors  on  the  plant  surface.  Streptomycin  penetrates  the  plant 
surface  at  varying  rates,  depending  upon  the  tissue  or  organ.  The 
extent  to  which  the  leaf,  stem,  root  or  seed  is  penetrated  depends 
upon  the  plant  species  or  variety,  as  well  as  drug  concentration. 
Streptomycin  directly  penetrates  the  cuticular  layer  of  foliage  from 
Coleus  or  apple  leaf  surfaces.  Waxy  adjuvants  or  organic  solvents 
are  sometimes  used  to  improve  penetration. 
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Streptomycin  uptake  appears  to  be  an  active  process,   mediated 
through a c a r r i e r   t r a n s p o r t  system. Caw and Mg+f ions  
in te r fe re   wi th   s t rep tomycin   absorp t ion  by b i n d i n g   t o   t h e  
carrier s y s t e m  and impedi.ng movement a c r o s s   c e l l  membrane. 
Length of immersion  and  t:emperature a l s o   a f f e c t   u p t a k e   ( G r i f f i n  
and  Coley-Smith,  1975).  Studies  using  the  large-celled  fresh 
water a lgae ,  Nitella c lava ta ,   ind ica te   tha t   s t rep tomycin  is 
ac t ive ly   absorbed ,   accumula t ing   in   the   ce l l   sap .of   the   p lan t  
vacuole.  Streptomycin is absorbed by various  seeds.   For 
example,  cucumber seed   in fec ted   wi th  Pseudomonas lachrymans 
and  tomato  seed  carrying  Corynebacterium  michiganense were 
d i s i n f e c t e d  by streptomycin  "dipping".  Streptomycin  also is 
absorbed by young seedl ings  being  t ransplanted,   for   example,  
by peach  and  cherry  plants ,   protect ing them agains t   d i sease .  
Trans loca t ion  (movement upwards)  has  been shown i n   p l a n t s   s u c h  
as Coleus, when streptomycin is appl ied   to   the   l eaves .  
S t r ep tomyc in   su l f a t e   i n  blean p l an t s  was found t o  l as t  seven 
d a y s   a f t e r   i n i t i a l   a p p l i c a t i o n  of 600 ppm (Ploper  and  Ramallo, 
1975). 

Seed s t eep ing   i n   s t r ep tomyc in  water s o l u t i o n  a t  5 ug/ml f o r  
one  hour  proved t o  be  most e f f e c t i v e   a g a i n s t   b a c t e r i o s i s  
(Pseudomonas phaseol ico la)   and   bac te r ia l   b l igh t  of beans 
(Xanthomonas phaseol i ) .   Preplant ing  dry  seed  t reatment  ( 1  g 
s t rep tomycin /kg   seed)   p roved   bes t   aga ins t   bac te r ios i s  of 
gumbo (Pseudomonas hybisc i ) .   In   the   cont ro l  of w i l d f i r e  of 
tobacco   bes t   resu l t s  are obtained  from  spraying  with water 
s o l u t i o n s  a t  a concentrat ion of 0.2 ug/ml  (no t o x i c   e f f e c t s  
appeared  on  the  plants) (Vlahov e t  a l ,  1974). In another   s tudy,  
p e l l e t i n g  of   seed  of   Phaseolus   vulgar is   bean  for   control  of 
Pseudomonas phaseol icola  w a s  found t o   b e  less e f f ec t ive   t han  
a streptomycin  solution,  due  to  poorer  absorption  (Ralph,  1976).  
F i r e  b l i g h t  of apple  Malus pumila  blossoms was con t ro l l ed  when 
streptomycin w a s  a p p l i e d   i n  60 gal lons  water p e r  a c r e   t o  
Erwinia  amylovora  infected  plants  with  the  aid of an  adjuvant. 
No i n d i c a t i o n  of t o x i c   e f f e c t s  on t h e   p l a n t s  was observed  (Beer, 
1976).  Streptomycin  (250 ppm-2000  ppm) app l i ed   t o   rubbe r   p l an t s  
was absorbed  and  translocated  only when cut   twigs were dipped i n  
a n t i b i o t i c   s o l u t i o n ,   o r  wben the  stem was  wounded and  the  ant i -  
b i o t i c   i n j e c t e d  (Thankamma and  Kothandaraman,  1975). 
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A.1.2.5. Effects  of  Streptomycin  Upon  the 

Environment 

A.1.2.5.1, Toxicity  to  Non-pathogens 

The  most  common  serious t:oxic effect  of  streptomycin is its 
effect  upon  the  vestibular  mechanism  responsible  for  balance 
located in  the  inner ear.,  There is some  difference  in  effects 
between  species  as  well as individual  biological  variation- 
Cats  treated  continuously  with  streptomycin  at  100-200  mg/kg 
body  weight  became  poorly  coordinated  after  16-19  days  and 
eventually  had  difficulty  standing.  Monkeys  treated  with 
streptomycin  developed  pathological  changes  in  the  ear  (Igarashi 
et  al,  1966)  and  there is no  doubt  that, in both  man  and  animals, 
damage  to  hearing  can  occur  (Garrod,  Lambert  et  al, 1973). 
The  LD50  of  oral  streptomycin  sulfate  in  mice  ranges  from 
15,500  to  30,000  mg/kg  body  weight  (Bacharach  et  al,  1959). 

According  to  Yeary  (1975),  streptomycin,  as  with  other  amino- 
glycosides,  has  the  greatest  chronic  toxicity  of  any  antibiotic 
commonly  used in veterinary  medicine.  Newborn  animals  are 
particularly  sensitive  to  the  neurotoxic  effects  of  the  drug. 
Hypersensitivity  from  a  streptomycin  is  common in  humans- Skin- 
rashes  and  induced  fever  occur in  about  5%  of  treated  patients. 
Reactions  are  usually  mild,  but  occasionally  severe  or  fatal 
exfoliative  dermatitis  may  develop-  Skin  sensitization is common 
in  individuals  who  handle  streptomycin  (Weinstein, 1975). 

Because  of  the  agricultural  use  of  streptomycin  to  control  plant 
diseases,  a  large  number  of  experimental  studies  has  been  carried 
out.  Steptomycin,  along  with  other  antibiotics,  has  been  tested 
against  the  common  fungus  Pythium,  in  vitro  and in  soil,  Little 
germination  of  spores  occurred in  soil  containing  the  antibiotic 
at 10-400 ppm.  Streptomycin  produced  distortion  of  the  germ 
tubes,  but  was  less  toxic  than  other  antibiotics  such  as  chlortetra- 
cycline  (Vaartaja  and  Agnihotri,  1969)-  Streptomycin  at 2.5 ppm  or 
less  has  been  used in tissue  cultures  of  Vinca  rosea  (periwinkle), 
preventing  microbial  contamination  without  exhibiting  toxic  effects 
on  the  plant  tissue  (Carew  and  Patterson, 1970). 

Streptomycin  has  been  shown  to  have  inhibitory  effects  on  germi- 
nating  seedlings  and  root  growth,  through its alteration of protein 
metabolism.  Mukherji  et ,a1 (1975)  studied  this  phenomenon  further 
in  mungbean  (Phaseolus ereus) seedling  growth  and  in  rice  (Orzyae 
sativa)  coleoptiles  (the  first  leaf  shoot  from  a  seed).  Strepto- 
mycin  began  to  cause  mungbean  inhibition  at  0.001mM  and  growth  was 
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markedly  reduced a t  5mM. It was more h a r d u l  to root  growth  than 
to   hypocoty l   e longat ion .   Inh ib i t ion  of root  growth was overcome 
by K+, Few, Mnft, as we.11 as Ca#d I n   t h e   c o l e o p t i l e s  of s t r e p t o -  
mycin-treated rice, theqe were. accumulatio~ns  of  nucleic  acids  and 
d e c l i n e   i n   p r o t e i n   c o n t e n t  a t  these  growth  inhibi tory  concentrat ions.  
Griffin  and  Coley-Smith (1975) a l s o  found  that   streptomycin w a s  
taken up and  toxic  t o  sporangia of the  fungus  Pseudoperonospora  humuli. 
Germination was 88% a t  10  ug/ml (ppm), 2% a t  50 ug/ml  and less thaq  
1%&t 100  ug/ml. Low concentrat ions of d iva l en t  metal ca t ions  (Mn , 
C a  ) i n h i b i t e d   t h i s   . t o x i c   e f f e c t  of streptomycin. 

Streptomycin  has   been  found  to   have  an  effect  on ch lorophyl l   synthes is  
i n  wheat  seedlings (Babayan e t  al, 1975; t r a n s l a t i o n ) .  Air d r i ed ,  
swollen  and  germinated  seeds were treated  with  s t reptomycin (maximum 
ch lo rophy l l   dep res s ion   s t a r t i ng  a t  150 mg/ml; 68% a f f e c t e d  a t  50 m g / m l  
streptomycin).  Among the   o ther   e f fec ts   induced  were p lan t   a lb in ism,  
blocked  synthesis  of  green  pigments,   and  blocked  synthesis of  yellow 
pigments. The e f f e c t   v a r i e s   w i t h   t h e   a g e  of the   seedl ings   and   the  
amount  of soaking time (maximum reached a t  20-25 min). Some wheat 
mutants are not   a f fec ted ,   nor  were these  dosages  effect ive on bar ley.  

P l a s t i d - f o r m i n g   a b i l i t y   i n   d i v i d i n g   c e l l s  and  l ight-induced  protoplast  
development i n   n o n d i v i d i n g   c e l l s  of mutants  of  Euglena  gracil is   (a 
mot i le   g reen   a lga)  were not a f f ec t ed  by 0.05% so lu t ions  of strep- 
tomycin (500 ppm). Viabili ty  and  growth were no t   a f f ec t ed  by the  
a n t i b i o t i c   i n   e i t h e r   t h e   w i l d   t y p e  or  the  mutant (Diamond and  Schiff ,  
1974). In later s t u d i e s ,  Diamond (1976) f o u n d   t h a t ,   i n  a 24-hour 

.. . c u l t u r e  of  Euplena, a 1.1 mM s t rep tomycin   so lu t ion   a f fec ted   synthes is  
of a number of chloroplast-associated  parameters,   such as chlorophyl l ,  
carotenoid,   cytochrome  and  other  important  biochemical  systems. 

EuPlena,  grown i n  the  dark,  was t ransfer red  t o  a medium containing 
2 mg/ml of streptomycin  (2000 ppm). The progressive  modif icat ion 
of the  photoreceptor   response,   reduct ion  in   carotenoid  synthesis  
and  reduction of s t igma  ves ic les ,  were observed  under  electron  micros- 
copy (Ferrara  and  Banchetti ,  1976). 

Streptomycin (0.1 and 1 mM) so lu t ions  were shown to   a f fec t   the   deve lop-  
ment of ba r l ey  leaves as well as those of wheat ,   wi th   a lbinic  leaves 
being  formed i f   t h e   p l a n t  was a t  an   ear ly  enough s t a g e  of plasmid 
development.  Treatment  with humic ac id   e l imina ted   these  effects and 
stimulated  growth  (Lhotsky, 1975). 

Seeds  of  barley (Hordeum yulgare)  and  secondary  roots of Vicia faba  
(a  herbaceous  climbing  plant,  the  vetch) were exposed to   t rea tment  
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with  var ious  fungicides   including  s t reptomycin.  It w a s  found t o  
b e   c y t o l o g i c a l l y   a c t i v e   a t  a; concentration  1000  time's'higher  than 
tha t   b r ing ing   about  its ant imicrobia l   ac t ion .  Details 'are not  
given on the  concentration  used  (Zutski  and  Kaul,  1975). 

Streptomycin  has   been  evaluated  for   seed  t reatment  to  con t ro l  bac- 
terial b l i g h t  of peas (Pseudomonas p i s i ) .  When a s l u r r y  of 2.5 
g/kg  seed  (2500 ppm) was used ,   t h i s   i n fec t ion  w a s  reduced  almost 90%. 
Applicat ion of a d u s t   t o   t h e   s e e d s  gave a s imi la r   e f fec t .   Soaking  
seed   i n   s t r ep tomyc in   so lu t ions  (0.25%-1.0%) f o r  2 -hrs.  gave a higher  
l e v e l  of cont ro l   bu t  was t o x i c   t o  many of t h e   l i n e s   t e s t e d ;   o n l y  85% 
of seedl ings  emerged  normally  (not  stunted  or  chlorotic) compared t o  
95%  of  non-medicated  seedlings  (Taylor  and Dye, 1976). 

Some studies   have  been  carr ied  out  on t h e   e f f e c t s  of streptomycin 
on insects.   Streptomycin  gave a s l i g h t   i n h i b i t i o n  of the   reproduct ion 
of the  green  peach  aphid ?lyzus pers icae  (Harr ies   and Wiles, 1966). 
Details of concent ra t ion   a re   no t   g iven   in   the   journa l   abs t rac t .  It 
a l s o  had  very l i t t l e  e f f e c t  upon l a r v a l  growth  of t h i s   aph id   (Mi t t l e r ,  
1971) a t   feed   concent ra t ions   f rom .001 ppm t o  0.1 ppm. Olives  contain- 
i ng   eggs   f rom  the   f ru i t   f l y  Dacus o leae  were t r e a t e d  by immersion i n  
s t r ep tomyc in   su l f a t e   so lu t ions  (0.3-1%) f o r  20 t o  120 minute:. Larval 
growth was inh ib i t ed ,   t he   i nh ib i t i on   be ing  more marked a t  30 C than 
a t  ZOOC. 

The e f f e c t  of spraying  streptomycin on f r u i t - f l y   i n f e c t e d   f r u i t b e a r i n g  
twigs was a l s o  examined  (Tzanakakis and  Lambrou, 1975).  In some experi- 
ments ,   insec t   g rowth   in   sprayed   in fec ted   f ru i t  was i n h i b i t e d  more than 
i n   c o n t r o l s ;  however t h i s  was n o t   t r u e   i n  a l l  cases. 

Singh  and House (1970)  have  examined  the e f f e c t s  of 21 ant imicrobia l s ,  
including  s t reptomycin,  upon l a rvae  of t h e   f l y  Agria a f f in i s .   S t r ep to -  
mycin  began t o  show i n h i b i t o r y   e f f e c t s  a t  210 mg/lOOml d i e t  (2100 ppm) 
and was completely  toxic at 2000 mg/lOO m l  (20,000 ppm). Toxic   e f fec ts  
included  prolongat ion of larval  l i f e ,   i n h i b i t i o n  of larval  development 
and   i nc reased   mor t a l i t y   i n   l a rva l  and  pupal  stages. 

A.1.2,.5.2. Streptomycin  Resistance 

A major  disadvantage  and  cause of f a i l u r e  of streptomycin  therapy is  
the  development   of   bacter ia l   res is tance  to   the  drug.   Resis tance may 
be  acquired by a s ingle   mutat ional   s tep,   and  there  is s e h c t i o n   f o r - s u c h  
microorganisms in   t he   p re sence  of t he   an t ib io t i c .  The ribosomes  from 
t h e s e   b a c t e r i a  are unable  to  bind  streptomycin  (due  to a s t r u c t u r a l  
change i n  a protein,   P10).  
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Chromosomal  resistance  to  streptomycin  may  also  result  from 
inability  of  bacteria  to  transport  the  drug  intracellularly. 
Spontaneous  mutation  to  high  level  drug  resistance  occurs  at  a 
low  frequency  and it i-s-generally  specific  for  streptomycin 
only 

Several  enzymes  which  metabolize  streptomycin  are  found  on 
bacterial  R-plasmids.  Streptomycin  phosphotransferase  (SPT) 
inactivates  only  streptomycin.  Streptomycin  adenylyl  transferase 
(SADT, also.  called  adenylate  synthetase'),  affects  spectinomycin 
as well  as  streptomycin.  Adenylation  completely  deprives 
streptomycin of its  antibacterial  properties,  since  it  can  no 
longer  bind  to  the  ribosome  (Benveniste  and  Davies, 1973). 
Both  SPT  and SADT are  synthesized  constitutively (i.e., the 
bacteria  makes  the  enzymes  all  of  the  time  rather  than'  "switch- 
ing  on"  manufacture  in  the  presence  of  the  drug). 

Streptomycin  Resistance  in  Chickens 

Streptomycin  resistance  in  avian  Salmonella  strains  was  surveyed 
by  Dr. G. H. Snoeyenbos  for  the  Animal  Health  Institute (AHI), 
an  industry-sponsored  organization,  and  submitted  to  FDA  on  April 
16,  1975. Out  of 138 organisms  from  chickens, 84 (61%) were  sen- 
sitive  to  streptomycin.  Salmonella  isolates  from  turkeys  were 
also  examined  for  drug  resistance.  Streptomycin  resistance 
was found in 78% of the 81 samples. 

Lakhotia  and  Stephens (1973) also  found  that  drug  resistance 
was  more common in  Salmonella  isolates  from  turkeys  than 
isolates  from  chickens ox: feed  ingredients.  Resistance  to 
dihydrostreptomycin/  streptomycin  was  most  common (82.9% of 
all isolates).  Similarly,  Pocurull -- et a1 (1971) found  that 
streptomycin  resistance  was  more  common  than  resistances  to 
other  drugs  in  salmonellae  isolated  from  domestic  animals, 
with  ampicillin  resistance  also  being  very  high. 

In  an  experimental  study,  Smith  and  Tucker (1975) fed  streptomycin 
at 100 ppm  to 50 chickens,  observing  Salmonella  excretion  as 
well as drug  resistance  in  both E. coli  and  Salmonella.  Strepto- 
mycin'  did  not  affect  .Salmonella  excretion,  although it 
decreas-ed 3. coli  numbers.  Multiple  drug-resistant E. coli, 
including  streptomycin  resistance,  emerged  prior  to  resistant 
- S .  typhimurium.  Kim  and  Stephens .(1972) found  that 61.9% of 
- -  E. coli  isolated  from 25 "ready  to  cook"  broilers  were  resistant 
to  streptomycin. 
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Strept0myci.n  Resistance  in  Swine  and  Other 
Animal  Bact.eria 

. 

Neu  et al; (1975) found  t.h,at 64% of 484 2. typhiumurium  isolates 
from  farm  animals  were st,reptomycin-resistant. Swine  were  less 
streptomycin-resistant  than  poultry;  however  precise  data  on 
each  species  are  not  given.  For  all  Salmonella  serotypes,  resis- 
tance  to  streptomycin  was 55.1%. These  isolates  has  been  sent 
to  the  National  Animal  Di.sease  Center,  Ames,  Iowa,  and,  thus, 
probably  represent  animals  from  diseased  herds  in  the  eastern 
and  mid-western  states, 

In  an  AH1  survey  (Gustafson, 1976) of 476 Salmonella  isolates 
from  healthy  hogs, 14 of  the 146 resistant  strains  were  strepto- 
mycin  resistant.  Few 2. typhirnurium  were  among  the  isolates 
examined,  Wilcock  et a1 (1976) did  not  find  any  streptomycin  resis- 
tance  in 2. typhimurium  and 2. choleraesuis  .specimens  from  diseased 
herds;  this  was  thought  to  reflect  infrequent  therapeutic  usage. 
Marsik,  Parisi  et  a1 (1975) found  streptomycin  resistance  in  all 47 
Salmonella  isolates  from  animals  and  in  all 8 environmental  isolates. 
These  specimens  were  obtained  from 21 farms  in  Missouri  where  anti- 
biotics  were  being  used  in  animal  feeds.  Examining E. coli  from 
these  farms,  streptomycin  resistance  was  found  in  all 185 animal 
isolates  and  all 8 environmental  isolates. 

Twenty  percent  of  Illinois  farms  raising  swine  used  streptomycin 
in  feed  in  a  study  by  Siege1  et a1 (1974);  95% of  the  swine  samples 
from  all  farms  contained  streptomycin-resistant  Gram-negative 
enteric  organisms.  Although  penicillin  was  used  on 50% of  the 
poultry  farms,  none  used  streptomycin  in  feed,  However, 82% of 
enteric  bacteria  were  resistant  to  streptomycin  and 41% were 
penicillin-resistant. 

Experimental  studies  have  been  done  on  the  production  of  drug- 
resistant go coli  and  Salmonella by  the  use  of  streptomycin  in 
animal  feed.  In an early  study  in  piglets,  Edwards (1961) adminis- 
tered 25 mg.  of streptomycin  orally  daily  for 4 weeks.  Streptomycin 
resistance  in  medicated  pigs  increased  from  less  than 10% to 
70% during  this  4-week'  period  while  remaining  at  about 15% in  non- 
medicated  swine,  Upon  discontinuation  of  drug  use,  streptomycin  re- 
sistance  dropped  to  pretreatment  levels.  Rollins  et a l . ( 1 9 7 4 ) ,  
in  contrast,  found  that  therapeutic  treatment  of  mammary.infections 
in  cows  with  large  doses  of  penicillin  and  dihydrostreptomycin 
had  little  effect  on  drug  resistance  in E. coli  from  either  the 
herd  or  the  environment.  This  is  in  accordance  with  the  concept 
that  prolonged  use  of  low-levels  of  drugs  leads  to  greater 
resistance  than  short-term  high  dosage  administration. .. . 



A-23 . 

A.1.3. Tetracyclines 

Tetracyclines  are among-the most  valuable  antibiocics in-the 
physician's  armamentar,iuxn  because  of  their  wide  spectrum  of 
antimicrobial  activity  against  widely  divergent  types  of 
bacteria  and  rickettsial  forms.  The  development of the  tetra- 
cycline  group  of  antibiotics  resulted  from  a  systematic  screen- 
ing of-the antibiotic  producing  soil  microorganisms.  Chlortetra- 
cycline  and  oxytetracycline  were  discovered  in  this  manner,  and, 
after  elucidation of  their  chemical  structure,  other  similar 
compounds  were  developed  semi-synthetically.  There  are  now  seven 
tetracyclines  available  in  the  United  States  for  human  use.  Only 
oxytetracycline  and  chlortetracycline  are  used  in  animal  feeds; 
these  are  used  as  the HCX salts. 

A.1.3.1. Chemical  and  Physical  Properties 

The  tetracycline  molecule is a  4-ringed  compound,  as  shown  in 
Figure A-3, into  which  substitutions  are  made  at  various  positions 
for  chlortetracycline  or  oxytetracycline.  The  chloroform/water 
partition  coefficient  (pH 7.4) for  tetracycline is 0.1257, indicating 
only  a  slightly  greater  affinity  for  water  than  for  organic  com- 
pounds. 

I R1 R2 R 3  
Tetracycline I H CH3 H 
Chlortetracycline 

Figure A-3. Structure of Tetracyclines  (Garrod,  Lambert  et a1 1973) 
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' Chlortetracycline,  oxytet.racycline,  and  tetracycline  itself, 
are  produced  by  Streptomyces  molds.  Chlortetracycline  is 
produced  from  cultures of Strepeomyces..aureofaci-ens. It  .is 
available  in  the  dry  state  as  chlortetracycline  hydrochloride, 
a  stable  yellow  crystalline  powder,  or  as  a  sodium  salt.  The 
trade  name,  .Aureomycin,  refers  to  this.yellow  or  golden  color. 
It is  a  weak  base  with  moderate  solubility  in  water (250-500 mg/l). 
Chlortetracycline  is  more  stable  to  heat  degradation  than  oxy- 
tetracycline. It still  has  antimicrobial  activity  after  being 
heated  at  7OoC for 100 minutes  and  more  than  half og its  anti- 
microbfal  activity  remains  after  being  heated  at 60 C for 
100 minutes  (Van  Schothorst, 1969).  Oxytetrac-gcline  loses  its 
antimicrobial  activity  after 12 minutes  at 100 C or 100 minutes 
at  7OoC,  while  a  roximately 40% of  the  antimicrobial  activity 
remains  after 60 C for 100 minutes. gp 

Stable  chelate  complexes  are  formed  between  tetracyclines  and 
cations,  such  as  calcium,  magnesium,  and  iron.  It  has  been 
suggested  that  antibacterial  activity  may be related  to  the 
ability  of  tetracyclines  to  remove  metallic  ions  needed  for 
enzymatic  reactions.  Stable  chelate  complexes  of  tetracyclines 
and  cations  will  retard  absorption  from  the  gastrointestinal  tract. 
Complexes  are  also  formed  in  bone-forming  tissues  and  in  teeth, 
as  discussed  below  (Toxicity  to  Non-pathogens, A.1.3.5.1.). 

Chlortetracycline  complexes  are  observed  by  fluroescence  in 
bone  and  are  found  to  remain  in  this  complex  for  long  periods 
of  time.  Fluorescence  occurs  at  a  peak  of 520 mu,  when  acti- 
vated  at 410 mu  (Buyscke  et  al,  1960).  This  property  has  been 
used  to  follow  the  growth  of  long  bones  and  even to observe 
growth  of  invertebrates  with  calciferous  skeletons  (Ebert,  1977). 

In general,  the  tetracyclines  have  an  acid  pH  in  aqueous  solution 
and  will  darken  when  exposed  to  sunlight.  Chlortetracycline  is 
somewhat  light  sensitive  (Wilson  et  a1 , 1971).  Most  tetracyclines 
are  hygroscopic  (Merck  Index,  9th  Ed.,  1976;  Physician's  Desk 
Reference,  31st Ed.,  1977). 

In  aqueous  solution  at  pH 2 to 6 tetracyclines  epimerize  (rotate 
a  radical  group to the  opposite  plane) as shown  at  carbon-4  in 
Figure  A-4.  They  equilibrate  in  about  a  day  with  equal  distribution 
of  the  starting  active  compound  and  the  less  microbiologically 
active  epitetracycline. :In strong  acids,  a  hydroxyl  is  removed 
at  carbon-6,  dehydrating to give  anhydrotetracyclines,  which  are 
inactive  (Wilson  et  al,  1971). 
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In  alkaline  solutions,  the  tetracyclines,  particularly  chlor- 
tetracycline .(CTC.), isomerize  (change arrangement.of the 
molecular.structure)  to  a  lactone  ring  at  carbon-6  to  give 
isotetracyclines  (Clive, 1968; Hughes  and  Wilson, 1973; Katz 
and  Fassbender, 1967; Katz et  al., 1969; McCormick  et al., 
1957; Schlecht  and  Frank, 1975). Katz et a1 (1972) could 
find  no  biological  activity  in  isochlortetracycline. 

An investigation of the  metabolic  fate  of  chlortetracycline 
by Eisner  and  Wulf (1963) showed  chlortetracycline  to  be 
converted  to  the  microbiologically less active  4-epichlortetra- 
cycline  to  a  much  greater  extent  than  to  its  4-epimer,  the 
inactive  isochlortetracycline.  Ninety  percent of doses  of 
30-60 mg/kg  radioactive  CTC  administered  orally  to  rats  was 
recovered in 48 hrs.  and  up  to 97% in 72 hrs. Of this, 53-70% 
of the  rat  dose  was  microbiologically  active,  the  remainder 
being  the  metabolic  breakdown  products  described  above.  Of 
the 70.3% cumulative  microbiologically  active  dose  recovered 
at 48 hrs., 2.2% was  in  urine  and 68.1% in the  rat  feces.  CTC 
was  shown  to  epimerize  rapidly  in  vitro  in  dog  urine  at pH 
5.5, going  to  about 25% of  the  total  CTC in 24 hrs.  with  only 
35% microbiologically  active. 

n 
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Individual  breakdown products are described by Regna. (1959). 
The  initial degraaation  products of tetracyclines  are  depicted 
in Figure A-4.. . . 

. - .. .~ . a  

, .  

Tetracycline 

! 
Epitotrncycline . 

Anlhydrotctracyclitle 

Isototracyclinq 

Figure A-4. Tetracycline  Degradation Products (Aschbacher, 1977) 
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A.1.3.2. Action  of  Tetracyclines  Upon  Microorganisms 

A.  1.3.2.1. Mechanism  of  Action 

Tetracyclines  act  to  inhibit  protein  synthesis  in  bacteria. 
They  bind  specifically  to  the 30s ribosome  due  to  the 
similarity  of  their  molecular  structure  to  certain  natural 
configurations  of  RNA,  Here,  they  appear,.-to  prevent  access 
of  transfer  RNA  to  the  messenger  RNA  complex.  Only  a  small 
portion  of  the  drug  is  irreversibly  bound  at  this  site,  and 
the  inhibitory  effects  of  tetracyclines  (added  to  cultures 
of  susceptible  bacteria  in  the  test  tube)  can  be  reversed  by 
washing. 

The  tetracyclines  affect  rapidly  growing  organisms.  Consider- 
ably  higher  concentrations  are  required  to  kill  the  micro- 
organisms  than  to  prevent  multiplication. 

A.1.3.2.2. Spectrum  of  Activity 

The  spectrum  of  activity  for  tetracyclines, in general,  is 
given  in  Table  A-111, in comparison  to  other  important 
antibiotics.  In  humans,  tetracyclines are  useful  against 
organisms  not  affected  by  other  antibiotics,  such  as  Rickettsia, 
Mycoplasma,  Chlamydia  and  amoebae.  Bacillary  infections 
treated  with  tetracyclines  include  brucellosis  (Brucella) 
and  cholera  (Vibrio  cholerae).  Tetracyclines  are  also 
sometimes  useful in tularemia  (Francisella  tularensis) 
and  in  penicillin-resistant  anthrax.  They  are  also  sometimes 
effective  as  antiprotozoal  agents  (Wilson  et  al,  19711,as 
seen  below  (anaplasmosis). 

In  veterinary  medicine,  tetracyclines  are  used  to  treat 
the  diseases  shown  in  Table  A-IV,  with  causative  organisms 
shown. 
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Table  A-111 
Sensitivity  of  Important  Pat:hogenic  Bacteria  to  qhe  Principal  Antibiotics: 

Usual  Minimum  Inhibitory  Concentration  (E.lg/ml=ppm) 
s i  . .  . 

Bacteria  Benzyl Ampi- Erythro-  Linco-  Tetra-  Strepto- 
penici11j.n  cillin  mycin , mycin  cycline  mycin 

Staph.  aureus 2. 
Staph.  aureus b. 
- Str. pyogenes - Str.  faecalis 
- Str . pneumoniae 
- C. welchii 
- B. anthracis Ery. insidiosa 
- L. monocytogenes 
- A. israeli 
Myco.  tuberculosis 
- N. gonorrhoeae 
- N. meningitidis 
- H. influenzae 
Bord.  pertussis 
Esch.  coli 
Klebsiella- 
Aerobacter -. 
- Pr.  mirabillis 2. 
- Pr. mirabillia b. 
- Pr.  vulgaris 
- Pr.  rettgeri 
- Pr.  morpani 
- S. marcescens 
Providencia 
Salmonella m. 
Shigella -. 
- Ps.  aeruginosa 
- Br . abortus 

-- 

- Past.  septica 
Bact.  fragilis 

R= resistant 

0.03 
R 

0.01 
2 

0.01 
0.12 
0.01 
0.03 
0.25 
0.06 

R 
0.01 
0.03 
0.5-2 

1 
32 

R 
32 
R 
R 
R 
R 
R 
R 
4-16 
16 
R 
2- 8 

0.5 
8-R 

0.06 
R 

0.03 
1 

0.06 
0.25 
0.06 
0.12 
0.5 
0.06 

R 
0.04 
0.06 
0.25 
0.5 

8 

16-R 
2 
R 
R 
R 
R 
8-R 

16-R 
1-8 
8 
R 
1-4 

0.5 
32 

0.12 
0.12 
0.03 
0.5 
0.03 

2 
0.25 
0.06 
0.25 
0.12 

R 
0.06 
0.5 
1-8 
0.06 

R 

R 
R 
R 
R 
R 
R 
R 
R 

64-R 
8-R 

R 
32 
1 
1-4 

0.5-2 
0.5-2 
0.12 

0.05 
4-1 6 

0.5-2 
0.25-8 

4 
4 

0.06 
R 
32 

>32 
4-16 
8 
R 

R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
R 
4-1 6 

0.5-4 

0.12 
0.12 
0.25 
0.5 
0.05 
0.25 
0.12 
0.12 
0.25 

2 
10 
1 
1 
1 
2 
1 

1-4 
32 
32 
4-32 

R 
4-R 

16-R 
2-R 
1 
1-2 

32-R 
1 

0.5 
0 5-2 

(Garrod  et  al, 1973) 

2 
2 
32 
32 
64 
R 
1 
16 
2 
16 
1 
4 
1 
4 
4 
2 

2 
8 
8 
4 
2 
1 
4 
8 
2 
4 
16 
2 

R 
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Table  A-IV 
Diseases  Treated  with 

Etiologic  Agent 

Actinobacillosis  lingnieresi 
Actinomyces  bovis 
Aerobacter  aerogenes 
Anaplasma  marginale 
Bacillus  anthracis 
Borrelia  anserina 
Brucella  canis 
Clostriduim  chauvoei 
Clostriduim  hemolyticum 
Clostridium  novyi 
Clostridium  perfringens &,C,D 
Clostridium  septicum 
Clostridium  tetani 
Corynebacterium  equi 
Corynebacterium  pyopenes 
Corynebacterium  renale 
Cowdria  ruminantium 
Dermatophilus  congolensis 
Erysipelothrix  insidiosa 
Escherichia  coli 
Fusiformis  necrophorus 

Haemobartonella  canis 

Hemophilus w. 
Hemophilus  suis 
Leptospira  spp. 
Moraxella  bovis 
Mycoplasma w. 
Mycoplasma  hyopneumoniae 
Nanophyetus  salmincola 
Pasteurella  anatipestifer 
Pasteurella  hemolytica 
Pasteurella  multocida 

Salmonella  abortu-ovus 
Shigella  equirulis 
Staphylococcus  aureus 
Staphylococcus  hyicus 
Streptococcus  agalactiae 
Streptococcus  dysgalactiae 
Streptococcus  equi 
Streptococcus  uberis 
Vibrio  fetus 

Tetracyclines 

Disease 

Actinobacillosis 
Actinomycosis 
Mastitis 
Anaplasmosis 
Anthrax 
Avian  borreliosis 
Canine  brucellosis 
Blackleg 
Bacillary  hemoglobinuria 
Infectious  necrotic  hepatitis 
Enterotoxemia 
Malignant  edema 
Tetanus 
Foal  pneumonia 
Mastitis 
Bovine  pyelonephritis 
Heartwater  disease 
Cutaneous  streptothricosis 
Erysipelas 
Mastitis,  colibacillosis 
Oral  and  hepatic  necrobacillosis, 

Canine  bartonellosis  (tetracycline 

Respiratory  infections 
Infectious  polyarthritis 
Leptospirosis 
Bovine  infectious  keratitis 
Mastitis,  serositis-arthritis,  agalactia 
Porcine  enzootic  pneumonia 
Canine  rickettsiosis 
Pasteurellosis  in  pheasants 
Mastitis,  pasteurellosis 
Pasteurellosis,  fowl  cholera,  hemorrhagic 

Abort  ion 
Shigellosis  of  foals 
Mastitis,  synovitis 
Exudative  epidermitis 
Mastitis 
Mastitis 
Strangles 
Mastitis 
Ovine  vibriosis 

(Huber, 1977) 

infectious  nododermatitis 

used  concurrently  with  oxophenarsine) 

. .  

. .  

septicemia 
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A.1.3.3. Introduction  into  Environment 

A.1.3.3.1. Through  Production 

No details  which  quantify  the  release  of  tetracyclines  and 
compounds,  such  as  chloroform,  used  in  the  manufacturing 
process  were  submitted  to  the  Call  for  Environmental  Infor- 
mation ( 4 2  FR 272641.. One  manufacturer  has  submitted 
information  stating  only  that it is in  accordance  with 
local,  state,  and  federal.  requirements  for  pollution  control 
without  specifying  the  types  and  quantities  of  wastes 
released.  In  general,  manufacturing  wastes  generated  are 
expected  to  be  similar tal those  outlined  above,  for  penicillin 
(A.1.1.3.1.1,  and the  levels  entering  the  environment  vary 
according  to  the  waste  treatment  processes  employed. 

A.1.3.3.2. Occupational  Exposure 

Although  tetracyclines  ha.ve  been  shown  responsible  for  allergic 
cross-reactions,  ranging  from  skin  sensitivity  to  anaphylaxis, 
no data  are  available on sensitivity  reactions  due  to  occupational 
exposure. 

A.1.3#.3.3. Tetracycline  Metabolism  and  Excretion 
by  Target  Animals 

Swine  Metabolism  and  Excretion 

Following  oral  administration,  the  tetracyclines  are  absorbed 
readily  from  the  stomach  and  the  first  part  of  the  small 
intestine  to  give  peak  plasma  levels  within  2  to 4 hours  or 
longer,  followed  by  a  gradual  drop  until  the  drug  is  barely 
detectable  at 24 hours  (Cunningham, 1953). The  tetracyclines 
diffuse  generally  throughout  the  body  and  are  found  at  antibac- 
terial  levels  in  the  kidney,  liver,  spleen,  and  lung.  Tetra- 
cyclines  are  also  deposited  at  active  sites of bone  formation. 

Following  parenteral  or  oral  administration,  the  tetracyclines 
are  excreted  essentially  unchanged  in  the  feces,  milk,  and 
urine.  The  renal  system  assumes  the  major  role  for  elimination. 
The  tetracyclines  are  excreted  primarily  by  the  kidneys  into 
the  urine.  Approximately  25%  to 30% of  a  single  dose  of, 
tetracycline  can  be  found  in  the  urine,  although  greater 
variation is noted  with  extremes  of  dosage.  The  tetracyclines 
are  excreted  slowly  by  the  kidneys.  Antibacterial  activity  in 
urine  can  be  detected  for 3 days  or  more  after  therapy  is 
discontinued.  During  a  period of repeated  medication  at 
250-1000  mg/day,  tetracycline  concentration  in  urine  usually 
reaches  or  exceeds 100 ppw,  which  is  far in  excess  of  the 
amount  required  to  inhibit  growth  of  susceptible  micro- 
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organisms  commonly  present  in  urinary  tract  infections  and  other 
microorganisms  which  mig.ht  be  exposed  to  the  excreted  urine. 

Fecal  elimination  of  tetracyclines  occurs,  no  matter  what  the  route 
of  administration,  The  amount  eliminated in the  feces,  following  oral 
administration,  has  been  reported  to  reach 10-25% of  the  total  dose 
(Huber, 1977; Alderson  et  al, 1975). 

Metabolism  and  Excretion  of  Tetracyclines  in  Chickens 

Since  the  amount  of  tetracycline  absorption in  all  animals  can  be 
influenced  by  the  concentration  of  cations  (metals)  such  as  calcium 
and  magnesium in the  diet,  due to formation  of  cation-tetracycline 
complexes, it has  been  the  practice i n  poultry  production  to  reduce 
calcium  intake  for  a  few  days  to  obtain  more  efficient  therapeutic 
concentrations of tetracyclines.  Hens  administered  oxytetracycline 
orally  had  higher  concentrations  in  the  blood  at 6 a.m. than  at  noon. 
It has  been  suggested  that  the  difference  is  due  to  the  difference 
in  calcium  absorption  in  relationship  to  the  cycle  of  egg  formation 
(Harms  and  Waldroup, 1963). Chickens  and  turkeys  appear  to  have  a 
higher  rate  of  metabolism  for  oxytetracycline  than  cattle  or  swine; 
it  is  excreted  almost  twice  as  quickly  after  intramuscular  adminis- 
tration,  as  seen  in Tablle  A-V. 

Absorption  is  greatest  in  the  stomach  and  upper  portion of the 
small  intestine.  The  eggs  of  chickens  and  turkeys  contained 
CTC  for 3 days  following  oral  administration  of 50 g/ton  of 
feed (Katz et  al, 1973). 

Metabolism  and  Excretion  of  Tetracyclines  by  Calves 

Huber (1971) gives  excretion  time  by  beef  cattle  after  oral 
administration  of  a  single  dose  of  chlortetracycline. 

Dose  Specimen  Excretion  time (hr.) 
3.05 mg.  /lb.  Serum 120-144 

Urine 144-168 
Feces 96-120 

Chlortetracycline  administered  orally  in  a  milk  substitute  at  a  daily 
dose of 8 mg/kg  produced  peak  serum  concentrations ( 3  ug/ml-ppm) in 
6-8 hours  (Bruggemann  et  al, 1972). Chelation  of  CTC  with  calcium 
and  other  ions  in  the  milk  probably  accounts  for  low  serum  levels. 

In  Table A-V, similar  excretion  times  for  OTC  are  seen  after 
administration  of  a  therapeutic  dose  to  feeder  calves (6 mos.), 
although  serum  peaks  are  earlier, 
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Oxytetracycl ine  required  up  to  144  hours  ' to'   disappear  from  bovine 
body f lu ids   fo l lowing  a s ing le   o ra l   admin i s t r a t ion .  Beyond t h a t  
time, i t  could '   a l so   be   seques te red   in   t i s sues   such  as bone marrow 
and  kidney  (Huber,  1971).  Chlortetracycline  required  up  to  168 
hours  to  disappear  from  bovine  urine,   with some remaining 
seques t e red   i n  body t i ssues   such  as kidney  and  bone marrow. 

Elmund e t  a1 (1971) e s t i k t e d   t h a t  75% of t h e  CTC (70 mg p e r  day) 
ingested by yea r l ing  steers was excreted as CTC. CTC l e v e l s  were 
14 ppm i n   f r e s h  manure from  these (250-350 kg body weigh.t) catt le 
f ed  70 mg CTC per   day  for  28 days,  and  0.34 ppm i n  aged  feedlot  
manure . 

, >  

. .  

A. 1.3.3.4, Residues i n  Human Foods 

I n   t h e  USDA 1976 publ i shed   b io logica l   res idue   repor t  on animals 
coming to   s l augh te r ,   no  CTC was de tec ted  in t issues  from  swine,  
c a t t l e ,   o r   c a l v e s .   I n  1975,  one v i o l a t i o n   o c c u r r e d   i n   c a t t l e   o u t  
of 458  kidney samples and  one c a l f   l i v e r  sample contained CTC. 
For   oxytetracycl ine,   one  violat ion  occurred i n  251  muscle  and 
l i v e r  samples from  calves;,  and  one  Violation  out of 2131 c a l f  
kidneys  examined. 

S m a l l  CTC l e v e l s   i n  swine: t i s s u e   a f t e r   i n g e s t i o n  of feed  containing 
100 mg of CTC per  ton  have  been  reported by Gale e t  a1 (1967)  and 
Messersmith e t  a1 (1967). 

According t o  Mussman (1975) a t  USDA, us ing   o lder   da ta ,   t e t racyc l ines  
are among the   an t imic rob ia l   r e s idues   cons t i t u t ing   t he   bu lk  of vio- 
la t ions ,   bo th   due   to   the i r   p rophylac t ic   and   therapeut ic   uses .  However, 
Messersmith e t  a1 (1967)  from  American  Cyanamid,  found t h a t   t h r e e   t o  
f i v e  times the  normal  amount of a ch lor te t racyc l ine ,   su l famethaz ine ,  
penici l l in   combinat ion,   fed  to   swine  cont inuously  for   14  weeks,   gave 
res idues  of less than 1 ppm i n  a l l  t i s s u e s  sampled e i t h e r  a t  0.5 or 7 
days  af ter   withdrawal .   Tolerances  permit ted  in   edible   t issues  of 
swine are: 4 ppm i n  uncooked  kidney; 2 ppm i n  uncooked l i v e r ;  1 ppm 
i n  uncooked  muscle;  0.2 ppm i n  uncooked f a t  (21 CFR 556.150). 

The e f f e c t  of cooking on t e t r a c y c l i n e   r e s i d u e s   i n   p o u l t r y   t i s s u e s  and 
eggs has been  studied  (Meredith et: a l ,  1965). T i s s u e  concentrat ions 
of oxy te t r acyc l ine ,   p roduced   a f t e r   o ra l   admin i s t r a t ion  of 200-1000 ppm 
i n   t h e   f e e d ,  were des t royed   a f te r   roas t ing ,   f ry ing ,   o r   au toc lav ing .  
However, poaching  or  scrambling  eggs  did  not  destroy  all ' residues.  
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Katz et a1 (1972)  did  not  find  activity  after  cooking  "spiked" 
chickens  in  water  for 1 1/2 hours;  however,  sauteed  fivers 
(cooked 3 1/2  to 4 minutes)  from  chickens  fed  CTC  retained 30% 
to  67% of tissue  residue  levels. 

A. 1 .3 .4 .  Fate  in  the  Environment 

A , 1 . 3 . 4 , 1 .  Persistence  and  Degradation 
in  Soil  and  Water' 

Tetracyclines  are  largely  excreted  intact  by  target  animals, 
with  about 25% of the  oral  dose  excreted in  feces and  another 
50-60% as  unchanged  or  as  active  metabolite  in  urine.  Concen- 
trations  vary  with  dosage  given  and  age  of  animal  (Huber, 
1971;  Huber, 1977). In steers,  Elmund  et a1 (1971)  estimated 
that  75%  of  the 70 mg/day  chlortetracycline  (CTC)  was  excreted 
as  active  CTC.  CTC  levels  were 14 ppm in fresh  manure  and 
0.34 ppm  in  aged  manure.  The  half-life  of  the  gTC  residue in 
feed-lot  manure  was  estimated  as  one  week  at 37 and  greater 
than 20 days  at  4OC  or  28OC. As discussed in A.  1.3.5. l . ,  
the  excreted  CTC  has  the  effect  of  selecting for a  microbial 
population  relatively  inefficient  in  stabilizing  animal 
wastes . 
Chlortetracycline  residues  have  been  measured in broiler  litter, 
ranging  from .8 to  26.3  ppm  (av. 12.5 ppm) in  chickens  fed  CTC 
continuously,  with  lower  levels  in  birds  fed  CTC  only  occasionally 
(av.  0.75  ppm). When  the tetracycline-contaminated litter  was 
fed  to  cattle,  low-level  CTC  residues  were  observed in kidneys 
from 3 of 20 animals  (Webb  and  Fontenot,  1975). 

In  a  study  carried  out  by  American  Cyanamid  and  described in 
a  letter  to  FDA,  Mooney  a.nd  Abbey  (1976)  demonstrated  that 
soil  fertilized  with  as  much  as 5 tons  of  cattle  feedlot 
manure  per  acre,  in  1971,  had  no  measurable  chlortetracycline. 
The  cattle  had  been  given.  chlortetracycline  at  70-350  mg/head/day 
throughout  the  feeding  period. It was  shown  that  about 85% of 
pure  chlortetracycline  added  to  the  soil  could  be  recovered. 
The  sensitivity  of  the  method  was 0.2 micrograms  per  gram  of 
soil (0,0002 ppm). No details  were  given  on  the  concentration 
of  drug in the  manure,  however. 

Another  experiment  was  done  by  American  Cyanamid in  collaboration 
with  Dr.  T. S .  Rumsey of the  Ruminant  Nutrition  Laboratory, 



A-35 . 
Nutrition  Institute,  Bektsville, MD, in 1972-73. This  experi- 
ment  consisted of two  trials  2n  feedlot  cattle.  In  &he 
first  experiment,  cattle  were  f.ed LOO mg of chlortetracycline 
(CTC)  per  head perday for 180 days.  The  feedlot  waste.  was 
collected  in  concrete  bunkers  for  three  months  and  then  spread 
on  pasture.  Fresh  and  stored  waste,  waste  weathered  on  pasture, 
soil and  feedlot  runoff  water  were  analyzed  for  CTC.  Trial 
two was similar. In trial 1, fresh.  waste  averaged 1.08 ug of 
CTC per  gram  of  waste (ppm),  stored  waste 0.76 ug/gm. In 
trial 2, fresh  waste  contained 1.66 ug  CTC/gm  or 1.81 ug/gm 
depending  upon  diet.  Stored  waste  contained 1.15 and 0.68 
ug/gm,  respectively. In preliminary  results  of  waste  spread 
on  pastures,  measurable  levels of CTC  were  not  found  in  most 

-. run-off  water,  weathered  waste, or soil (Rumsey, 1975). 

Oxytetracycline  is  very  soluble  in  water  and  stable  in  comparison 
to  chlortetracycline.  Exposure  to  sunlight  results  in  some 
loss of  bioactivity  for  chlortetracycline;  however,  chlortetra- 
cycline  is  less  sensitive  to  heat  than  oxytetracycline. 

As mentioned  above,  tetracyclines  form  complexes  with ions 
such  as  calcium.  These  chelates  adhere  for  long  periods  to  the 
calcium  in  bone  and  teeth  and  to  other  calciferous  structures 
such  as  the  mouth  parts  and  exoskeleton of the  sea  urchin 
(Buyske,  Eisner,  and  Kelly, 1960; Ebert, 1977). Such  storage 
depots  may  provide  a  cont:inuous  environmental  source  of 
bioactive  tetracyclines. 

A. 1.3.4.2. Mobility  in  the  Environment 

Pinck,  Soulides  and  Allison (1961) demonstrated  that  chlortetra- 
cycline  and  oxytetracycli.ne  were  among  a  group  of  amphoteric 
antibiotics  which  are  relatively  weakly  adsorbed  and  easily 
released  from  clay-antibi.otic  complexes  in  soils.  On  all  five 
soil  types  and  clays  tested,  complexed  antibiotics  were  released 
with  buffers.  We  believe  that,  under  natural  circumstances, 
there  would  be  competitors  for  complexation  sites  which  probably 
reduce  adsorption of amphoteric  antibiotics.  Further,  based 
upon  these  data  and  the  water  solubility of the  tetracyclines, 
these  antibiotics  might  be  expected  to  be  quite  mobile. 
According  to  Pinck  and  coworkers,  oxytetracycline  exhibits 
more  typical  behavior of amphoteric  substances  in  its  adsorption 
to  alkaline  soils  and  clays  than  chlortetracycline.  Chlortetra- 
cycline  is.  usually  more  strongly  adsorbed  than  oxytetracyclfne. 
Upon  desorption  with  phosphate  or  citrate  buffer,  both  chlortetra- 
cycline  and  oxytetracycline  gave  large  zones  of  inhibition 
using  standard  bioassay  techniques,  indicating  that  adsorption/ 
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desorp t ion   does   no t   a f fec t   t e t racyc l ine   b ioac t iv i ty .  We 
be l i eve   t ha t   unde r   na tu ra l   cond i t ions ,   w i th   f l uc tua t ing   so i l  
pH co r re l a t ed   l a rge ly   w i th  so i l  moisture  and  oxygen  content 
and  with  organic  content of varying  buffer ing  and  chelat ing 
a b i l i t y ,   t h e r e  would  be- t he  same type of release o f , t e t r a -  
cycl ines .  

A.1.3.4.3. Bioaccumulation 

Tet racyc l ines  are adsorbed t o  the su r face  of p lan ts .  Root 
in jury   f rom  oxyte t racyc l ine   occurs   bu t   can   be   p revented  by 
Caw addition  (Barton  and McNab, 1954).   Chlortetracycline was 
absorbed well i n t o  Swede seed ,   con t ro l l i ng   i n fec t ion   w i th   t he  
bacterium Xanthamonas e p e s t r i s  and  remaining  active  over 9 
months (Sutton  and Bell, 1956).  Seedlings of tomato,  cabbage, 
tobacco,  radish,  wheat,  and  soybeans  have  been shown t o  
absorb CTC (Goodman and  Goldberg,  1960)  and  oxytetracycline 
(Klemmer, Riker  and  Allen,  1955).  Chlortetracycline  prevented 
d r y   r o t   f u n g i   f r o m   r e l e a s i n g   t h e i r   t o x i n   i n   c i t r u s   f r u i t  
trees. Radioisotope  s tudies  showed tha t   aqueous   so lu t ion  of 
CTC could  be  introduced  into  the  trees  through  the  root 
sys tem (Mkervali  and  Dzinlistarishvili,  1971). 

CTC and OTC a r e  complexed i n  bone. Kelly  and  Buyske  (1j$O) 
es t imated   tha t  1 week a f t e r   a n   i n t r a p e r i t o n e a l   d o s e  of C-CTC 
(60 mg/kg body weight) to, rats, 3 t o  6X of the  dose was chelated 
by the   ske le ton .   Af te r  a. s imi la r   o ra l   dose ,   they   es t imated   tha t  
only 0.1% of the  dose was complexed. The concentrat ion in bone 
appeared   to   be   d i rec t ly   re la ted  to  concentrat ion  in   blood.  

The pe r s i s t ence  of CTC in   ske l e t a l   t i s sue   has   been   men t ioned  
earlier. It is used  as  a marker of both  long  bone  growth 
i n   v e r t e b r a t e s  and  growth in   ca l c i f e rous   i nve r t eb ra t e s ,   such  
a s  sea urchins   (Ebert ,  1977;  Buyske, Eisner,  and  Kelly,  1960). 

A.1.3.5. E f fec t s  upon the  Environment 
.. . 

A.1.3.5.1. Tox ic i ty   t o  Non-Pathogens 

I n  humans, the   che la ted   t e t racyc l ines   depos i ted   in   bones  may 
inhib i t   neonata l   ske le ta l   g rowth ,   cause   hypoplas ia  of permanent 
teeth,   or  discolor  both  permanent  and  deciduous  teeth  (Garrod 
- e t  -3 a1 1973;  Weinstein,  1975).  Tetracycline  deposits  have 
also  been  observed  in   the  bones of pigs,   calves,   and  chickens 
which received small q u a n t i t i e s ,  5 t o  20 ppm, o r a l l y  (Bruggemann 
- et  -9 a1 1966). 
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When  groups  of'  dogs  were  fed 250 mg/kg  body  wt.  of  oxytetra- 
cycline  (OTC)  or  chlortetracycline  (CTC)  for 3 months, 6 of 
10 dogs on' CTC ~died, whi1.e  all 10 on  OTC  survived,  Dogs 
given 100 mg/kg'body wt. CTC  daily  for 2 weeks  followed by 
100 mg/kg  body  wt,  twice  daily  for 14 weeks,  in  another 
study,  did  not  develop  toxic  effects  (Yeary, 1975). 

Severe  gastrointestinal  disturbances  may  occur  in  animals 
given  tetracyclines.  Suppression  of  sensitive  flora  often 
leads  to  superinfection  by  Candida  and  by  tetracycline-resistant 
bacteria  such  as  Proteus,  Pseudomonas,  and  staphylococci. 
Similarly,  turkeys  fed 500 g of CTC  per  ton  of  feed  had  a 
significantly  greater  number  of  Candida  albicans  lesions 
than  turkeys  on  the  same  ration  without  CTC  (Triputhy  et  al, 
1967) . 
As with  penicillin,  chlortetracycline  has  been  found  to  be 
highly  toxic  to  the  male  guinea  pig  (Madge, 1969). Chlortetra- 
cycline  was  shown  to  be  relatively  more  toxic  to  the  gastro- 
intestinal  tract  of  frogs  and  chicken  mucous  membranes  than 
other  antibiotics (Sokolov et  al, 1974). 

The  initial  normal  bacterial  fermentation  of  plant  fiber  in  herbiv- 
orous  animals  is  suppressed  by  the  administration  of  tetracycline. 
However,  in  carnivora,  omnivora  and  newborn  herbivora,  relatively 
minor  side  effects  occur.  For  example,  digestive  disturbances 
were  observed  in  weaned  beef  calves  fed  a  ration  containing 
chlortetracycline  and  sulEamethazine  (Woods  et  al, 1973). 

In  studies  carried  out  with  invertebrates,  chlortetracycline  was 
added  to  the  artificial  diet  of  white-fringed  beetle  larvae  with- 
out  significant  toxic  effects.  However,  when  tested  in  concentra- 
tions  high  enough  to  prevent  bacterial  contamination  of  the  media, 
beetle  larvae  were  killed  within  ten  days  (Bass  and  Barnes, 1969). 
Feeding  up  to 60 ppm  chlortetracycline  to  the  larvae  of  the  fly, 
Awia affinis,  was  considered  safe,  with  growth  inhibition >70 ppm 
and  toxicity >150 ppm,  S:imilarly,  oxytetracycline  was  safe  at 40 
ppm,  inhibitory  to  growth  from 50 to 200 ppm  and  toxic  above  this 
level  (Singh  and  House, 1970). Bacteroides  were  eliminated  from 
adults  of  the  rice  weevil,  Sitophilus  oryzae  by  treatment  of  the 
larvae  with 0.01 to 0.05% (100-500 ppm)  chlortetracycline.  However, 
mycetomes  from  larvae  fed  the 0.01% CTC  were  smaller  than  those  of 
control  larvae.  In  contrast,  penicillin  did  not  affect  larval 
growth  and  development  (Baker  and  Lum, 1973). The  survival  and 
reproduction  of  adult  aphjtda  (Myzus  persicae)  and  the  growth  and 
development of larvae  were  adversely  affected  by  chlortetracycline 
at 0.0001 to 0.1 ppm  a-s  well  as  by  other  antibiotics  (Mittler, 1971). 
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Chlortetracycline  was  tolerated  at 0.25  ppm,  but  n0.t  at  12.5  ppm 
by  the  saprophytic  fungus  Pythium. , Germination  was  largely  in- 
hibited  both in vitro  and in soil.  Morpho.logica1  abnormalities 
in  germ  tube  produc,tion  occurred,  incl,ydi.ng  dendroid,  branching 
(Vaartaja  and  Agnihotri,  1969).  Chlortetracycline at 'low  doses 
(1-100 ppm)  increased  the  growth  of  various  homobasidiomycetes 
(mushrooms),  while  at  higher  concentrations (10,000 ppm),  growth 
was  inhibited.  Tetracyclines  were  more  toxic  to  the  various 
mushroom  species  than  streptomycin  (Oddoux  and  ROUX, 1968). 

In pot  experiments,  when  oats  were  grown in soil  into  which 
manure  from  pigs  fed  oxytetracycline  had  been  incorporated, 
there  was  an  increase  in  the  percent  nitrogen in dry  matter 
from  grain  and  straw  compared  to  drug-free  controls.  Crop 
yield  was,  however,  decreased.  Addition of dry  manure  from 
hens  given  chlortetracycline  also  caused  a  depression  in  the 
yield  of  plant  matter  and an increase  in  nitrogen  content. 
Applied  alone,  the  antibiotics  had  little  effect  on  either 
parameter  (Tietjen,  1975). 

As  previously  noted,  chlortetracycline is excreted  both  in 
urine  and  feces  from  most  animals. As a  result,  large  quan- 
tities  have  been  demonstrated  in  cattle  feedlots  (75%  of 
dietary CTC). This  has  the  effect  of  selecting for  a  microbial 
population  relatively  ine.Eficient  in  stabilizing  animal  waste. 
Ingested  chlortetracycline  also  alters  cattle  digestive 
processes,  resulting in manures  which  are  less  biodegradable 
(Elmund  et  al,  1971;  Morrison  et  al,  1969).  The  decomposition 
of  manure  depends  upon  microbial  processes  and  is  related to 
the  types  and  numbers  of  microorganisms  actively  participating. 
These  studies  suggest  that  chlortetracycline  may  increase  the 
environmental  pollution  potential  of  animal  wastes. 

The  tetracyclines  have  produced  photoallergic  and  phototoxic 
reactions.  Hypersensitivity  reactions  range from  skin  rashes 
to angioedema  and  anaphylaxis.  Cross-sensitization  among  the 
tetracyclines  is  commonly  observed.  Although  hypersensitivity 
reactions  are  rare,  they  are  occasionally  extremely  severe 
(Schindel, 1965). Allergic  reactions  to  skin  contact  with 
tetracyclines  are  common  in  man  and  sometimes  found  in  animals. 
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A.1.3.5.2.  Microbial  Resistance 

. Theory 

Tetracycline  effectiveness  against  many  Gram-negative  infections 
is not  uniform,  since  org,anisms  have  acquired  a  high  frequency 
of  tetracycline  resistance,  ,and  tetracycline-resistant  Gram- 
positive  Group A streptococci  and  pneumococci  have  also 
appeared  (Finland, 1974). 

Of  special  concern is the  R-plasmid  mediated  transferable 
resistance  in  Escherichia.  coli  and  Salmonella,  members  of  the 
large  group  of  Gram-negative  bacteria  termed  Enterobacteriaceae 
which  are  primarily.  intestinal  bacteria  also  widely  distributed 
in  soil  and  water.  Transferable  R-plasmids may spread  rapidly 
through  these  bacteria  in  either  a  test  tube,  hospital  patients, 
or  a  group  of  animals.  Often,  resistance  to  a  large  number  of 
drugs is transferred  by  one  plasmid. 

R-plasmids  carrying  tetracycline  resistance  are  also  found 
in  Gram-negative  Enterobacteriaceae  other  than E. coli  and 
Salmonella;  Arizona  and  S'higella  are  transmitted  from  animals 
to  man,  and  Klebsiella is present  in  the  environment.  Plasmid- 
mediated  antibiotic  resistance  has  also  been  demonstrated 
in  Brucella,  Pasteurella,  Yersinia,  Vibrio  and  Clostridia, 
disease  agents  which  are  transmitted  from  animals  to  man., 
In  addition,  R-plasmids  blearing  genes  for  tetracycline  resis- 
tance  have  been  found  in  marine  bacteria  (Colwell  and  Sizemore, 

'. 19741, to  which  transfer  :from E. coli  has  been  demonstrated 
(Sizemore  and  Colwell, 1977). Tetracycline-bearing  plasmids 
from E. coli  have  also  been  found  in  the  marine  environment 
(Feary  et  al, 1972). 

Transferable  plasmid-mediated  tetracycline  resistance  also  has 
been  demonstrated  in  Gram-positive  organisms  such  as  Strepto- 
coccus  (Courvalin  et  al, .1972), and  in  Staphylococcus  (Clewell 
and  Franke, 1974). Although  staphylococcal  resistance-plasmids 
are  generally  thought  to  be  transferred  by  transduction (a 
process  involving  a  bacterial  virus),  streptococcal  tetracycline 
resistance  has  been  shown  to  be'transmissible  by  conjugation 
as  well  as  by  transduction  (Ubukata  et  al, 1975; Yagi  et  al, 
1975). 
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The  mechanism  of  tetracycline  resistance  is  poorly.  understood, 
The  biochemical  site  of  activity  is  not  affected.  Instead, 
tetracycline  r.es$stance  involves  a-.decrease  in  drug  .intake 
through  the cell.wall.by resistant  microorganisms.  Drug- 
sensitive  organisms  actively  accumulate  tetracyclines,  leading 
t o  ribosomal  inhibitionsinside  the  cell.  However,  R-plasmid- 
containing  strains  initially  possess  low-level  resistance  to 
the  drug,  which  prevents  it  from  reaching  the  ribosomal 
target.  When  tetracyclines  are  present,  the  level  of  resistance 
becomes  appreciably  higher  as  drug  uptake  increases. This. 
suggests  that  inhibition  of  active  transport  of  tetracyclines 
into  the  cell  occurs  through  an  inducible  enzyme  mechanism, 
This  is  supported  by  the  fact  that  constitutive  mutants  have 
been  found  which  are  initially  resistant  to  high  levels  of 
tetracyclines  (Levy  and  McMurry,  1974)- 

Tetracycline  resistance  is  probably  the  most  common  R-plasmid- 
mediated  drug  resistance.  Some  investigators  believe  that 
this  may  be  due  to  the  location  of  the  tetracycline  determinant 
gene  next  to  the  resistance  transfer  factor  on  R-plasmids.  At 
least 95% of  tetracycline  resistance  is  plasmid-mediated; 
about 50% occurs  on  self-transmissible  plasmids  which  can 
promote  conjugation.  However,  most  remaining  tetracycline 
resistance  is  found  on  autonomously  replicating  smaller 
non-self-transmissible  plasmids  which  are  more  difficult  to 
demonstrate.  These  may  combine  with,  or  have  their  transfer 
promoted  by,  another  plasmid  containing  a  transfer  factor. 

Tetracycline  Resistance  in  Bacteria  Associated  with  Humans 

With  human  patients  hypersensitive to penicillin,  tetracyclines 
may  be  used  to  treat  gonorrhea  and  syphilis.  Gonococci 
and  Neisseria  menigiditis,  are  becoming  tetracycline-resistant 
(Weinstein,  1975),  as  well  as  Haemophilus  influenzae  (Williams 
and  Andrews,  1974),  and  Clostridia  (Sebald  et  al,  1975). 
Many  of  these  organisms cave transmissible  drug  resistance 
plasmids.  Tetracycline-resistant  Bacteroides  (Blazevic,  1976; 
Bodner  et  al,  1972)  and  Bacillus  (Connamacher,  1972)  have  also 
been  reported.  Although  once  considered  the  agent  of  choice 
for  anaerobic  infections,  tetracyclines  must  now  be  regarded 
as  inferior  to  other  agents.  Fifty  to 60% of  Bacillus  fraailis 
strains  and  20  to 40% of  anaerobic  Gram-positive  cocci  are 
resistant  (Gorbach  and  Bartlett, 1974). 
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Schmidt e t  a1 (1973) i n v e s t i g a t e d   t h e   e f f e c t s  of  long-term 
low- leve l   oxy te t r acyc l ine   addn i s t r a t ion  on human bowel 
f l o r a ,   B e f o r e   i n i t i a t i o n  of the  s tudy,  E .  c o l i  had  been 
only 20% r e s i s t a n t   t o   t e t r a c y c l i n e s .  After 10 weeks on 250 
mg/day, col i forms became  97% resis tant .   .There w a s  a simul- 
taneous  change in   s t r ep tomyc in  and  sulfonamide  resistance,  
as w e l l  as a n   i n c r e a s e   i n   a m p i c i l l i n  resistance. Strepto-  
coccus faecalis, Staphylococcus  and  other  micrococci,  and 
r e s i s t a n t   P r o t e u s  were found  with  increasing  frequency. 
Prophylac t ic   use   dur ing  bowel surgery  has   led  to   overgrowth 
wi th   r e s i s t an t   s t aphy lococc i ,  Pseudomonas, Proteus and 
yeasts  (Weinstein, .  1975). 

-- 

Bartlett e t  a1 (1975) a l s o  found  increased  te t racycl ine 
r e s i s t a n c e   i n  E. c o l i   i n   p a t i e n t s   m e d i c a t e d   w i t h  tetra- 
cyc l ines .  After fou r  weeks  of treatment with low o ra l   doses  
of t e t r acyc l ines ,   mu l t ip l e - r e s i s t an t  E. c o l i  were i s o l a t e d  
from more than 50% of pa t i en t s .  Some of t h e s e   b a c t e r i a  were 
r e s i s t a n t   t o  as many as  s i x  a n t i b i o t i c s  (Tet-Su-Sm-Cm-Km-Amp) 
(Moller et a l ,  1977)- 

Pe t rochei lou  e t  a1 (1977) show spread of t e t r acyc l ine - re s i s t an t  
plasmids  from a wi fe  on prolonged  low-level  tetracycline 
t h e r a p y   t o   t h e   i n t e s t i n a l   b a c t e r i a  of her  husband, who was not  
on an t ib io t i c   t he rapy .  

When t e t r a c y c l i n e s  are f e d  t o  animals a t  subtherapeut ic  
l eve l s ,   an   i nc rease  i n  te t racyc l ine- res i s tan t   co l i forms  and 
salmonellae  has  been shown, as  discussed below. 

Te t r acyc l ine   Res i s t ance   i n  Bacteria Associated  with Swine 

S tud ie s  were ca r r i ed   ou t  by four   drug  f i rms on the   in f luence  
of sub the rapeu t i c   l eve l s  of t e t r a c y c l i n e s  on the   prevalence,  
quan t i t i e s ,   du ra t ion  and s u s c e p t i b i l i t y   o f   t e t r a c y c l i n e  
sensit ive  Salmonella  in  experimentally  infected  swine.   These 
are reviewed i n   d e t a i l   i n   t h e   t e t r a c y c l i n e s  NOH (see  appendix 
B ) ,  as are s t u d i e s   i n   c h i c k e n s  and cat t le .  Under the  experimental  
condi t ions ,  swine medicated  with  subtherapeutic  doses of 
t e t r a c y c l i n e s   d i d   n o t  show a n   i n c r e a s e   i n   q u a n t i t i e s ,   d u r a t i o n  
or   p reva lence  of excreted  Salmonella,  when compared t o  swine 
not   fed   t e t racyc l ines .   Genera l ly ,  however, t h e r e  was . increased 
Sa lmonel la   an t ib io t ic   res i s tance   in   medica ted   p igs  as compared 
wi th   cont ro ls .  In some cases, t h i s   d i f f e r e n c e  was s t a t i s t i c a l l y  
s i g n i f i c a n t .  
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In  one  experiment,  a  simu.ltaneous  drop  in  Salmonella  and E. 
coli  antibiotic  resistanc.e  was  demonstrated  in  non-medicated 
pigs  while  bacterial  antibiotic  resistance  levels  in  medicated 
animals  remained  high. 

The  literature  also  conta.ins  a  number of studies  on  Salmonella 
in  swine  medicated  with  tetracyclines.  Bulling  and  Stephan 
(1972)  infected  CTC-f  ed  swine  with  salmonellae  after  observing 
antibiotic  resistant  coliforms  already  present  in  the  test 
animals,  Ten  out of 12  pigs  infected  with  a  sensitive  strain 
of 5. choleraesuis  developed  salmonellosis  and  excreted 
salmonellae  containing  R-factors.  Three  out  of  four  animals 
fed  tetracyclines  developed  tetracycline-resistant  Salmonella, 

Finlayson  and  Barnum  (1973a)  suggested  that,  when  pigs  fed 
chlortetracycline  excreted  mainly  coliforms  with  multiple 
resistance  factors,  sensitive E. coli  had  been  replaced  with 
drug  resistant  serotypes,  through  antibiotic  selective  pressure. 
When  a  limited  infection  was  established  with  sensitive S. 
typhimurium  (Finlayson  and  Barnum,  1973b),  greater  numbers  of 
drug-resistant  salmonellae  were  found  in  tissues  and  feces of 
the  CTC-fed  swine  at  necropsy. 

In  two  FDA  studies  (Williams  et  al,  1976)  chlortetracycline  at 
100 g/ton  was  fed  to  swine.  When  a  sensitive 2. typhimurium 
strain  was  inoculated,  medicated  swine  had  less  Salmonella 
excretion  than  non-medicated  pigs.  However,  somewhat  more 
tetracycline  resistance  developed  in  medicated  than  in  non- 
medicated  pigs.  When  a  tetracycline-resistant  Salmonella 
strain  was  inoculated,  Salmonella  shedding  persisted  longer, 
was  more  prevalent,  and  occurred  with  higher  quantities  in 
swine  medicated  with  tetracyclines  than  in  non-medicated 
pigs. 

Sabo  and  Krcmery  (1974)  studied  Salmonella  choleraesuis  in  a 
herd of swine  fed  tetracyclines.  Although  in  an  earlier 
(1969)  study  tetracycline-resistant  salmonellae  did  not 
transfer  the  tetracycline  determinant,  two  of  23  mono-resistant 
strains  yere  found t transfer  resistance  with  a  good  frequency 
(2.8~10-  to 9.0~10 ) to  an E. coli  K12  recipient.  The 
authors  now  believe  that .E. coli  tetracycline  resistance 
plasmids  can  be  transfered  to allz. choleraesuis  strains, 
including  variants  which  are  fully  virulent  and  can  cause 
epizootics  of  fatal  enteric  disease  in  man.  This  is  in 
contrast to the  earlier  caoncept  developed  by  Jarolmen  (1971) 
that  wild-type,  smooth  variants  are  poor  recipients  and  donors 
in  contrast  to  rough,  avirulent  strains. 

-4 
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Wilcock  et a1 (1976) found  much  greater  levels  of  tetracycline 
resistance  in  clinical  isolates of Salmonella  typhimurium (95%) 
than  in  acquisit.ions of si. choleraesuis (18%). Together,  these 
strains  accounted  for 90% of  the 63  isolates  definitely  associated 
with  swine  salmonellosis.  The  greater  drug  resistance  observed  with 
- S .  typhimurium  may  be  due  to  the  greater  exposure  of  this  organism  to 
- -  E. coli  in  the  swine  intestine. 

In  a  survey of 5 Canadian  abattoirs by Groves,  Fish  and  Barnum (1970), 
20% of 462 hogs  were  Salmonella  positive.  Tetracycline-resistant 
salmonellae  were  found  in 11.7% of the  mesenteric  lymph  nodes of mar- 
ket  swine, in two of 15 isolates  from  the  abattoir  environment,  and 
in  only  one  of 25 isolates  from  a  farm  supplying  the  abattoir.  Of 
the 14 resistant  salmonellae,  five  were 2. typhimurium  and  eight  were 

in  all 14 resistant  salmonellae. 
- S ,  schwarzengrund.  Transmissible  tetracycline  resistance  was  present 

In  an  Animal  Health  Institute  study  of  three  abattoirs,  out  of 219 
swine  Salmonella  isolates  from  Iowa, 10 tetracycline-resistant S. 
derby  were  derived  from  one  animal.  In  Georgia, 622 salmonellae 
were  studied,  with  antibiotic  resistance  present  in 23.5% of the 
isolates.  Out  of  the 146 resistant  salmonellae, 145 were  resistant 
to  tetracyclines  alone  or  multiply  resistant  to  tetracyclines  in  com- 
bination  with  streptomycin. No tetracycline  resistant  salmonellae 
were  observed  in 63 isolates  from  Pennsylvania  (Gustafson, 1976). 

Several  other  Animal  Health  Institute  sponsored  studies  deal  with 
tetracycline  resistance  in  swine x. coli.  In  a  study  carried  out 
by Langlois  et a1 (1976), comparisons  were  made  between  a 
Coldstream  swine  herd  fed  CTC  continuously  since  May  of 1972 and  a 
herd  at  Princeton,  which  had  not  received  antibiotics  therapeutically 
or  in  feed  since 1972. No differences  in  total  coliform  counts  were 
observed;  however,  CTC-resistant E. coli  decreased  markedly  from 1974 
to 1975 in  the  Princeton  herd,  dropping  from 81 to 55 to 22 percent. 
In  the  three  years  after 1:emoval  of CTC  from  the  Princeton  herd,  tetra- 
cycline  resistance  averaged  about 40%, while  remaining  almost 85% in 
the  Coldstream  herd  still  being  given  antibiotics.  Resistance  to  ampi- 
cillin  and  streptomycin  dropped  simultaneously  along  with  tetracycline 
resistance  in  the  Princeton  herd  where  no  antibiotics  were  being 
administered,  while  not  changing  in  the  Coldstream  herd. E. coli  from 
Coldstream  soil  and  water  samples  contained  greater  percentages  of 
tetracycline,  penicillin  and  sulfonamide-resistant  bacteria  than  were 
found  on  the  Princeton  farm  where  no  antibiotics  were  being  used. 
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Tetracycline  resistance  in  swine E.  coli  has  become  globally 
widespread  after  25  years  of  antibiotic  use in: feed  (Sogaard, 
1973;  Huber  et  al,  1971; Roy, 1972;Hariharan  et al,  1974; 
Wells  and  James,  1973;  Siege1 et al,-1.974).  In  the  four 
years  since  implementation  of  the  Swann  recommendations  in 
England, H. W. Smith  (1975)  found  that,  although  the  amount 
of  tetracycline-resistant E. coli  in  the  pig  population  may 
have  decreased  slightly,  ‘the  incidence  of  swine  excreting 
tetracycline-resistant  organisms  did  not.  However,  since 
1970,  the  proportion of tetracycline-resistant  strains  with 
self-transmissible  R-factors  has  declined,  .indicating  that 
in  a  comparatively  tetracycline-resistant  environment,  there 
is  no  selective  advantage  to  bacteria  possessing  a  mechanism 
for  resistance  transfer. 

In a  Danish  study,  change:;  in E. coli  resistance  were 
followed  during  a  two  year  period  in  swine  herds  divided 
into  three  groups  according  to  intensity  of  antibiotic 
administration.  In  this  period,  there  was  a  large  drop  in 
strains  resistant  to  three  or  more  antibacterial  agents 
(67.7%  to  9.5%)  and an  increase  in  sensitive  strains 
(3.0% to  36.2%),  with  little  change  in E. coli  resistant  to 
one  or  two  antibiotics.  The  herd  not  being  fed  tetracyclines 
did  possess  less  transferable  tetracycline  resistance  (34.9% 
compared  to 60.0%) than  the  herd  being  fed  tetracyclines 
occasionally,  although  there  was  little  difference  in  the 
percent of strains  from  each  herd  with  transferable  resistance 
to  all  antibiotics  (Larsen  and  Nielsen,  1975). 

Tetracycline  Resistance  in  Bacteria 
Associated  with  Chickens  and  Turkeys 

Enhancement  of  Salmonella  shedding  or  increased  drug 
resistance  has  been  shown  in  at  least  five  studies  in 
poultry.  These  experiments  vary  as to strain,  drug  resistance, 
recipient  ability,  and  quantity  of  Salmonella  used,  dosages 
of drug  given,  length  of  study  and  numbers  of  chickens or 
poults.  In  Smith  and  Tucker’s 1975 study,  Salmonella 
tetracycline  resistance  was  high  in  30%  of  medicated  birds 
by  the  35th  day,  in  comparison  to  zero  resistance  in  Salmonella 
from  non-medicated  chickens;  however,  there  was  little 
difference  between  medicated  and  non-medicated  chickens as 
to  Salmonella  shedding,  duration,  quantity  and  prevalence. 
Using  therapeutic  tetracycline  dosages,  MacKenzie  and  Bains 
(1974)  also  found  no  decrease  in  the  amount  of  shedding  of 
drug-resistant  Salmonella. 
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In  contrast  to  Smith  and  Tucker's  study,  several  other  investi- 
gators  have  described  increased  shedding or persistence  of Sal- 
monella  in  tetracycline-medicated  birds.  Garside  et al (1960) 
studied  the  emergence  of  resistant  strains  of 2. typhimurium  in 
chicks  fed 100 mg/kg  chlortetracycline  (CTC)  in  feed.  Out  of 
twenty-five  chicks  given  sensitive  Salmonella  typhimurium,  nine 
yielded  tetracycline-resistant  strains  in  tissues  or  intestines 
upon  autopsy,  while  none  were  found  in  non-medicated  birds.  In 
a  longer  97-day  study,  the  chickens  on 100 g/ton  CTC  were  given 
tetracycline-resistant  salmonellae.  In  the  CTC-fed  chicks,  resis- 
tant  strains  persisted  for  as  long  as 14 weeks  in  some  carriers, 
without  declining  in  resfstance.  In  contrast,  the  Salmonella 
gradually  lost  much  of  its  resistance  in  non-medicated  chicks. 
In a  British  study  by  Hoblbs  et a1 (19601, CTC-fed  chicks  infected 
with  tetracycline-resistant  Salmonella  typhimurium  were  also  shown 
to  be  carriers  longer  than  non-medicated  birds. 

An additional  study  by  Evangelisti  et a1 (1975) is  discussed  in 
the  tetracycline  NOH  (Appendix B). This  study  is  based  upon 
Salmonella  data  in  chicks  fed  oxytetracycline.  Salmonella  shedding 
rates  cannot  be  compared  in  the  Nivas  et a1 (1975) two-week  study 
of  dose-related  Salmonella  tetracycline-resistance  development. 
At  low  and  intermediate  doses,  tetracycline-resistant  organisms 
appear  higher  than  in  non-medicated  chicks  and  those  given  thera- 
peutic  levels. 

It  is  of  interest  to  note  higher  levels  of  tetracycline  resistance 
in  Salmonella  from  turkeys  in  comparison  to  chickens.  Tetracyclines 
are  probably  fed  more  frequently,  and  for  longer  periods,  to  turkeys 
than to chickens  (Lakhotia  and  Stephens, 1973; Sojka  et  al, 1972;  1974; 
MacDonald  et  al, 1973). Similarly E. coli  tetracycline  resistance 
levels  are  much  lower  in  broiler  chickens  studied  on  farms  or  in 
markets  than  in E. coli  from  turkeys  on  farms  or  in  diagnostic 
samples  from  poultry  (Kim  and  Stephens, 1972; Siegel, 1974; Hariharan, 
1974; MacDonald  et  al, 1973; Heller  and  Smith, 1973). 

Tetracycline  Resistance  in  Bacteria  Associated  with  Cattle 

Published  studies  in  calves  indicate  that  increased E. coli  tetra- 
cycline  resistance  occurs  when  tetracyclines  are fed (Mercer  et  al, 
1971; McKay  and  Branion, 1960; Bulling  and  Stephan, 1972; Finlayson 
and  Barnum, 1973). In  three  experimental  studies,  increased  tetra- 
cycline  resistance  in  Salmonella of  medicated  compared t p  non- 
medicated  calves  is  also  shown.  In  one  study  (Dey  et  al, 19761, 
increased  duration  and  quantity of shedding  has  been  demonstrated. 
In  calf E. coli  surveys,  :increased  tetracycline  resistance  can  be 
observed  in  beef  calves  compared to range or dairy  calves  (Table  A-VI). 
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When  Loken  et a1 (1971) in  Minnesota  used CTC (50  gLton)  in 
calves, E, coli  tetracycline  resistance  increased  to 106%' 
after 63 days,  with  a  simultaneous  increase  in  streptomycin, 
ampicillin  and  neomycin  fesistances.  Naturally  occurring 
Salmonella  isolaied.from  several  groups  of  these  calves 
included  multi-resistant 2. saint-paul,  with  Tet,  Sm,  Neo.. 
and  Kan  resistances,  and $.. typhimurium  containing  resistances 
to  Sm  and  Tet, 

In  a  Japanese  study,  Sato  and  Kodama (1974) examined 36 
calves  excreting 2. typhimurium  while  being  fed  chlortetra- 
cycline on a feedlot.  The  milk  replacer  had  contained 5. 
typhimurium  with  a  resistance  pattern of-Sm Su.  Although 
most  of  the  calf 2. typhimurium  was  initially  of  this 
pattern,  subsequently 10 of 11 isolates  added  Tet  determinants 
to  this  R-factor  resistance  pattern.  Some of this  transferable 
Tet  resistance  could  be  detected  only  at  room  temperature  and 
not  at 37Oc. 

, 
. .  , .  

Large  amounts  of  drug-resistant  Salmonella  typhimurium  are 
often  observed  in  cattle  (Voogd  et  al, 1973; Hariharan gt- 
al, 1974; Pocurull,  Gaines et&, 1970; Knothe  et  al, 1973; 
MacDonald, 1973). However,  few  studies  have  been  done on 
the  drug  resistance  of  salmonellae  isolated  from  meat.  Read 
(1973) found  six  antibiotic-resistant  salmonellae  in 34 meat 
isolates  tested.  Of  these  six,  two  were  tetracycline-resistant, 
A high  percentage  of  tettacycline-resistant  salmonellae in 
meat  was  also  found  by  Kobazashi  et  a1 (1971) in  Japan.  In 
a Czech  study,  strains of Salmonella  anatum  resistant  to 
antibiotics  were  isolated  from  stools of three  meat  factory 
workers.  Two  of  these  strains  were  tetracycline-resistant, 
These  individuals  were  also  found  to  have  similar  tetracycline- 
resistant E.  coli  in  their  fecal  specimens  (Stepankova  et  a1 
1971). The  potential  spread of tetracycline-resistant 
organisms  from  animals  to  man  has  been  outlined  in  Figure 1 ,  
Section 2 in  the  text. 
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A. 1.4. Neomycin 

Neomycin, as n e o q c i h   s u l f a t e ,  is used  together  with  oxytetra- 
c y c l i n e   i n   t h e  fee$"of  chi-ckens,  swine,  and  calves a t .  t he  
dosage  levels  of.  35-140 gjton,   except   in   calf   milk  replacer  
(100-400  mg/gal), Neomyc:in alone is a lso   .used   subtherapeut ica l ly  
i n  animal  feeds to  a6 unknown extent,   al though its use  is not 
covered by regula t ion .   Res t r ic t ions  on t h e  u s e  of t e t r acyc l ines  
would a f f e c t   t h i s   s u b t h e r a p e u t i c  neomycin-oxytetracycline combi- 
nation.  This  combination is used in   ch ickens   for   p revent ion  of 
b a c t e r i a l   e n t e r i t i s  and  control  of  bluecomb, i n   t u r k e y s   f o r   i n -  
f e c t i o u s   s i n u s i t i s  and   hexami t ias i s ,   in  baby p igs   for   p revent ion  
of scours ,   in   swine  for   vibr ionic   dysentery  and  salmonel losis ,  
and i n   c a l v e s   f o r   s c o u r s  and o ther   d i seases .  

. 

A.1.4.1.  Chemical  and  Physical  Properties 

Neomycin is the   genera l  term f o r  a mixture of an t ib io t i c s   ob ta ined  
from  cul tures  of  Streptomyces  fradiae  (strain  3535). Neomycin is 
a mixture of  neomycin B and  neomycin C. The usual  commercial  pre- 
para t ion  is the  sa l t  neomycin s u l f a t e .  The proport ion of neomycin 
B i n  neomycin  ranges  from 70 t o  99 percent.  

Neomycin s u l f a t e  is a whi te   to   s l igh t ly   ye l low powder or  cryo- 
dess ica ted   so l id .  It is odor l e s s ,   o r   p rac t i ca l ly  so,  and is 
hygroscopic. The s t r u c t u r e  of neomycin B is shown i n   F i g u r e  
A-5. 

. .  

I 

Figure A-5. St ruc tu re  of Neomycin B (Merck Index,  1976) 
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Neomycin base   and  ne0mycl.n s u l f a t e  are f r e e l y   s o l u b l e   i n  
water, b u t   i n s o l u b l e   i n   a c e t o n e ,   c h i o r o f o m ,   a n d   e t h e r  (USP 
X V I I I ) .  Some s o l u b i l i t i e s   i n   m g / l  (ppm) f o r  neomycin s u l f a t e  
are: water, 6300;  cyclohexane,  80; '   benzene, SO; isoocti'ane, 
27 ;   to luene ,  0.0 (Weiss,   1957).  Dale and Rundman (1957) 
g i v e   f u r t h e r   d a t a '  on t h e .   s o l u b i l i t y  of neomyc in   su l f a t e .  

The s t a b i l i t y  of  neomycin s u l f a t e   h a v i n g  a b i o l o g i c a l  
a c t i v i t y   e q u i v a l e n t   t o   6 5 0   u g / d  ,of neomycin  base was 
s t u d i e d   i n   d i s t i l l e d  water a t  pH 5.4 (DW); o r d i n a r y   b o u i l l o n  
pH 7.0  (B) ; b o i l e d   m i l k ,   t h e n   c h i l l e d ,  pH 6.4 (M) ; and 
ch icken   musc le ,  pH 5.8 (CM) w i t h   s a l i n e   ( P i l e t   a n d  Toma, 
1969).   Bio-assays were per formed  accord ing  t o  the   methods  
of Grove   and   Randa l l   (1955) .   Concen t r a t ions   s tud ied  were i n  
t h e   r a n g e  of  50  ug/ml (ppm) t o  1.5  ug/ml.   The  percent 
d e s t r u c t i o n  was f o l l o w e d   a f t e r   h e a t i n g   t h e   s o l u t i o n s  
i n   t h e  water b a t h  a t  100c'C f o r  3, 4, o r  5 hour s   and  
a u t o c l a v i n g  a t  12OoC f o r  20   minu te s .   The   r e su l t s  were as 
f o l l o w s  : 

DW 
B 
M 
CM 

TABLE A-VI1 

Neomycin-Percent   Destruct ion ( X )  

Heat w.h. 100°C Autoclave  1 2OoC 
f o r  3, 4 ,  5 h r s   f o r  20 minu tes  

0 - 20 
0 -- 20 

75 -- 100 
0 -- 10 

0 - 25 
25 - 50 
15 - 50 

50 

( P i l e t  and Toma, 1969) 

S t a b i l i t y   a n d   P o t e n c y   i n   A n i m a l   F e e d s  

Neomycin s u l f a t e  is f a i r l y   s t a b l e  i.n water s o l u t i o n  be-tween 
pH 2.0  and 9.0 (Merck  Index,  1976). A neomycin s u l f a t e  
s o l u t i o n   c o n t a i n i n g   a n   e q , u i v a l e n t  of 3.25 mg of  neomycin 
b a s e   p e r  m l  was s t o r e d   f a r  24 months a t  two t e m p e r a t u r e s '  
wi th   the   fo l lowing   resu1t . s   (S imone   and   Popino ,   1955) :  :" 
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TABLE  A-VI I I 

Neomycin  Degradation  in  Solution 

Percent  Activity Loss 
. .., , ,  . 

Vehicle  at 23°C at 4 5 ” ~  

Distilled  water 
pH 4.0 buffer 
pH 6 .0  buffer 
pH 8.0 buffer 

0 
12 
0 
0 

27 
94 
50 
88 

The  stability  of  chlortetracycline,  oxytetracycline,  tylosin, 
and  neomycin  was  studied  in  medicated  feeds  and  milk  replacer. 
With  respect  to  neomycin,  Van  de  Kerk  and  Van  Kuiken (1972) 
found: (1 )  neomycin  loses  little  of  its  biological  activity 
with  a  normal  moisture  content  of  the  feed; (2) the  pressure 
of  pelleting  causes  little  activity loss; (3) under  weakly 
acid  conditions,  the  neoqycins  are  hydrolyzed  to  neamine  and 
the  methyl  neobiosaminides B and C. Only  neamine  possesses 
antimicrobial  activity.  Trace  elements  of  medicated  feed 
mixtures  have  very  little  influence  on  the  activity  of 
neomycin,  although  the  literature  shows  that  neomycin  forms 
a  complex  with  calcium  ions  which  strongly  decrease its 
activity,  and  Mgft,  Fei-k,  and  A1i-t-I-  suppress  the  activity  of 
neomycin.  Cysteine in milk  casein  decreases  the  microbiological 
activity  of  neomycin  (Price  et  al, 1957). 

A.1.4.2. Action  on  Microorganisms 

Neomycin,  as  with  all  aminoglycosides,  acts  by  inhibiting 
protein  synthesis,  affectlng  the 30s ribosome  (See A.1.2.2.1.). 
Neomycin  is  classed  as  a  broad  spectrum  antibiotic  since  it 
is  effective  in  inhibiting  the  growth  of  both  Gram-positive 
and  Gram-negative  bacteria. It is  not  effective  against 
fungi  or  viruses.  Neomycin  is  characterized  by  a  marked 
bactericidal  (killing)  effect  since  the  concentrations  at 
which  it  is  bactericidal  are  only  slightly  higher  than  those 
at  which  it  is  bacteriostatic  (inhibiting).  Strains  readily 
affected  include  Staphylococcus  aureus, E. coli,  Salmonella, 
Klebsiella  and  Aerobacter.  Minimal  inhibitory  concentrations 
are  given  below: 
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TABLE A-IX 

Mean  Minimum  Inhibitory  Concentrations (ug  per ml) 
Antibiotics, 

of  Aminoglycoside 
- .  

No: of Strains  Strep,to-  Neomycin 
mycin 

Staph.  aureus 

Esch.  coli 
Klebsiella 
Aerobacter a b  

- P. micrabilis 
- P. vulpais 
- P. morRani 
- P. rettgeri 
- Ps. aeruginosa 
Salmonella a. 
Shigella a. 

- Str. faecalis -- 
29 
32 
22 
20 
10 
6 
6 

10 
7 

31 
14 
17 

2' 
64 

8 
4 
4 
8 
4 
8 
4 

32 
16 

8 

0-5 
64 
8 
2 
2 
8 
4 
8 
8 

32 
2 
8 

Garrod  et  al, 1973 

A.1.4.3. Introduction  Into  Environment 

A.1.4.3.1. Manufacturing  Wastes 

No  information  detailing  releases of neomycin  or  other  materials 
used  during  production  was  submitted  in  response  to  the  Call  for 
Environmental  Information (42 FR 27264). Neomycin is produced 
by a  fermentation  process  and  could  be  expected  to  produce 
similar  quantities of oxygen-demanding  substances  and  other 
waste  as  those  described  above  for  penicillin.  The  actual 
quantities  released  into  the  environment  from  these  facilities 
depend  upon  the  waste  treatment  process  employed. 

A.1.4.3.2. Occupational  Exposure 

Jirasek  and  Jiraskova (1973) specifically  discuss  allergic  contact 
eczema  in  veterinary  workers  and  farmers.  Neomycin is considered one 
of  the  most  potent  contact  allergens  in  veterinary  medicine.  Rudner 
-- et a1 (1973) represent  thirteen  dermatologists'  who  identically  patch- 
tested  humans  with 16 allex-gens  in 10 separate  geograp,hic  areas of 
North  America.  Again  neomjcin  sulfate w a s  found  to  be  one of the 
most  common  sensitizers  among  the 1200 patients. ' Sidlar reports 
come  from  dermatologists  abroad  (Szarmach  and  Poniecka, 1972). 
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A.1.4.3.3. Excretion by Target  Anima1,s 

We are not aware of exc re t ion   da t a   i n   t a rge t   an ima l s .  Upon 
o ra l   admin i s t r a t ion  i n  man, 97% of a dose of neomycin is 
excreted  unchanged i n   t h e   f e c e s  (Garrod e t  a l ,  1973;  Weinstein, 
1975).  Although  neomycin is absorbed  poorly  from  the 
g a s t r o i n t e s t i n a l  tract, s u f f i c i e n t  amounts are absorbed   to  
produce   an   an t ibac ter ia l   e f fec t   in   the   b lood   and   ur ine .  
Three  calves  weighing  approximately 190 l b   r e c e i v e d  a bolus  
of neomycin  which  afforded a dose of 5.2 mg/lb  of body 
weight.  Delayed  absorption was observed i n  a l l  animals. 
Neomycin was f i r s t   d e t e c t e d   i n   t h e  serum 96 hours,  and i n  
the   u r ine  a t  10  hours,   after  administration  (Huber,   1971).  

Much of t he  neomycin oral ly   adminis tered is excreted 
unchanged i n   t h e   f e c e s .  The small por t ion  of neomycin 
absorbed   f rom  the   gas t ro in tes t ina l  tract a f t e r   i n g e s t i o n  and 
tha t   abso rbed   a f t e r   pa ren te ra l   i n j ec t ion   unde rgo   t i s sue  
seques t ra t ion ,   espec ia l ly   in   the   musc les  a t  t h e   i n j e c t i o n  
s i te  and in   k idney   t i s sue , .  Neomycin t i s sue   res idues   have  
pers is ted  in   food-producing  animals   for  4 t o  12  weeks 
(Mercer, 1968). In  one  study of   d rug   res idues   in   b ro i le r  
l i t ter ,  however,  no  neomycin was d e t e c t e d   i n  s ix  samples 
examined.  But,  dosage of neomycin was not   ind ica ted  (Webb 
and  Fontenot,  1975). Once absorbed, neomycin is about  50% 
e l i m i n a t e d   i n   t h e   u r i n e  (Duncan e t  a1,1951;  Weinstein, 
1975;  Freyburger  and  Johnson,  1956;  Kashkin et a l ,  1968). 
There i s  some c o n c e n t r a t i o n   i n   t h e   b i l e  and   en t rance   in to  
the   f eces  of t h a t   p o r t i o n  which is not  eliminated i n   t h e  
u r ine   a f t e r   abso rp t ion   (Levra t ,  Brette and  Truchot,  1964). 

I n  a human s tudy,  1.0 g  neomycin was g iven   ora l ly   every  4 
h o u r s   f o r  3 days. The concentrat ion of neomycin  ranged  up 
t o  80 ug/ml  and  an  average of 3% of the  ingested  drug  could 
be  recovered i n   u r i n e  (Pot:h e t  a l ,  1951). In   another  human 
s tudy (Kunin e t  a l ,  1960),  from 0.6 t o  0.7% of t h e   o r a l l y  
administered  dose of 4 to 8 g/day for 3 days was el iminated 
i n  24 hour s   i n   t he   u r ine ,   r ega rd le s s  of drug  level.  These 
values  may b e   a r t i f i c i a l l y  low due  to   needs  for   special  
t echniques   for  measurement: and  recovery (Herrman e t  a l ,  
1965) . 
Huber (1977) i n d i c a t e s   t h a t  11.4 mg/kg neomycin, -administerad 
o r a l l y   t o   c a t t l e ,   r e q u i r e d  192 t o  216 hours   for   e l imina t ion  
from  serum  and  blood, 216-240 h r s   fo r   e l imina t ion   f rom  u r ine  
and 24-48 h r s   f o r   e x c r e t i o n  via the   feces .  
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A. 1.4.3.4. Residues i n  Human Foods 

. 

A s  s ta ted  above,  some absorpt ion of neomycin occurs   with 
consequent   sequestrat ion of d r u g   i n   t i s s u e s .  Neomycin has  
been   repor ted   to   pers i s t   f rom 4 t o  12 wks a f t e r   i n g e s t i o n  
(Mercer, 1968) .  

According t o  USDA pub l i shed   b io log ica l   r e s idue   r epor t s   fo r  
1975 and 1976, the   fo l lowing   v io la t ions   occur red   wi th  
neomycin residues  over   permit ted  tolerance levels. 

1976 - 

1975 - 

Cattle - 0 ou t  of 207 samples; Calves - 44 vio- 
l a t i o n s  of 1378 kidneys  examined;  three of 101 
l i ve r s ;   one  of 101 muscle  samples;  Swine - 0 
out  of 247 sampl.es. 

Catt le - one  out of 458 kidneys  examined; Calves - 
fou r  of 251 l i v e r s ;  one of 345 muscle  samples; 58 
of 2131 kidneys; Swine  and  Chickens - 0 of 150 and 
207 samples ; Turkeys - one of 5 3  l i v e r s ;  5 of 491 
kidneys. 

A. 1.4.4. F a t e   i n   t h e  Environment 

A.1.4.4.1. Persistence  and  Degradation - 
S o i l  and Water 

It has  been  suggested  that  a high  moisture  content and 
weakly ac id   condi t ions  may r e s u l t   i n   h y d r o l y s i s   t o  neamine 
and  neobiosamine (Van de Kerk and Van Keucken, 1 9 7 2 ) .  
Neamine posses ses   an t imic rob ia l   ac t iv i ty .  Neomycin s u l f a t e  
is s t a b l e   i n  water s o l u t i o n  between pH 2 and 9 ,  and i n  
normal  moisture  content of feed (Merck Index, 1977;  Umberger, 
1974) .  

A.1.4.4.2. Mobi l i t y   i n   t he  Environment 

Neomycin adsorbs   to   c lays   such  as montmori l l i te ,  i l l i t e ,  
and  vermiculite  (Soulides,  e t  a l ,  1961; Pinck e t  a l ,  1 9 6 1 )  
presen t   i n   so i l s .   Ac t ive  compound is re l eased   f rom  kao l in i t e  
c lay ,   demonst ra t ing   tha t  neomycin can  be  desorbed i n   b i o a c t i v e  
form. 
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A.1.4.4.3.  Bioaccumulation 

Poor  uptake  of  neomycin in to   p l an t   t i s sue ,   even   w i th   t he   u se  
of an  organic   solvent   (humectant) ,  was found by Gray (1955).  
A s  s t a t e d  earlier lA.1 .4 .3 .3) ,  a small amount (3%) of   o ra l ly  
administered neomycin i s  s e q u e s t e r e d   i n   t h e   t i s s u e s  of  domestic 
animals  and may p e r s i s t   f o r  4-12 weeks. Th i s   i nd ica t e s  a 
p o t e n t i a l   f o r  small amounts of t h e   d r u g   t o   b e   s t o r e d   i n  non- 
target  animals  exposed t o  environmental   residues.  

A.1.4.5. Effec t s  Upon t h e  Environment 

A.1.4.5.1- Toxicity 

There are numerous r e p o r t s   i n   t h e   l i t e r a t u r e  on t h e   a c u t e  
t o x i c i t y  of neomycin to   l abo ra to ry   an ima l s   bu t   no   r epor t s   i n  
which the   per iod  of treatment was g rea t e r   t han  15 weeks i n  
animals. Most  of the   shor t - te rm  s tud ies  were des igned   to  
s t u d y   i n   d e t a i l   t h e  renal.   and  auditory  toxicity of neomycin 
and  related  drugs.   There are no s tudies   des igned   to   de te rmine  
the  "no-effect" level  of the  drug. 

The fo l lowing   t abu la t ion   b r i e f ly  summarizes t h e   a c u t e   t o x i c i t y  
s tud ie s :  

Table 
Acute  Toxicity 

Animal Route of Number  of 
Species Admin. - Studies  

Mouse i.v, 9 
i .p. 8 
S.C. 11 
i. m. 1 
o r a l  2 
o r a l  1 
o r a l  1 
S.C.  1 

A-X 
of Neomycin 

Mean LD Range of 
mg/kg  bwt LD50 50 

?8 15-80 
186  77-315 
280  119-400 

14,250  14,000-14,500 
67 - 

2,850 - 
2,850 - 

340 - 
(E. Umbarger, FDA Contract  J3-224) 

An electron  microscope  s tudy of the  colon of non-medicated 
mice  and human sub jec t s ,  as  compared wi th   those   t rea ted   wi th  
neomycin, ind ica ted  t h a t  a f t e r   r a p i d   d i s i n f e c t i o n  of t he  
colon,   there  was e p i t h e l i a l   c e l l  damage due t o  a t o x i c   e f f e c t  
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of the  drug  (Aluwihare,  l971).  Sheep,  given  oral  neomycin 
over a 3-4 week period,  developed  degenerative  changes  in 
the  blood-forming  organs  (Borisov  and  Konovalov,  1974). 
Longstreth  and Newcomer (1975) review t h e  mechanisms assoc i -  
a ted  with  malabsorpt ion of d i e t a ry   nu t r i en t s   caused  by 
neomycin. 

There are many r e p o r t s  of dermal   hypersens i t iv i ty   reac t ions  
t o  neomycin  (See A.1.4.3,2.). C r o s s - s e n s i t i v i t y   t o   o t h e r  
aminoglycos ide   an t ib io t ics   o f ten   occurs ,   espec ia l ly   wi th  
top ica l   o r   pa ren te ra l   exposure .   In  a study by P i r i l i a  
and  Rouhunkoski  (1962),  c:ross-sensitivity  between  neomycin 
and  paromycin  occurred i n  51 of  52 pat ients ,   Cross-react ion 
wi th  kanamycin f r equen t ly  was present,  In a study by Eps te in  
and  Wenzel  (19621,  guinea p i g s   s e n s i t i z e d   t o  neomycin were 
almost  always  skin-posit ive  for  streptomycin,  As discussed  
earlier, hype r sens i t i v i ty   occu r s  among ve ter inar ians   th rough 
contac t   wi th  neomycin (Ji.rasek  and  Jiraskova,  1973). 

L i t t l e  d a t a  are a v a i l a b l e  on t o x i c i t y  of  neomycin t o   i n v e r t e -  
b r a t e s  and  non-target  animals  or  plants.   In larvae from 
Agr ia   a f f in i s ,  a f l y - l i k e   i n s e c t ,  neomycin was safe a t  
l e v e l s  up t o  100 ppm, growth  inhibitory up t o  500 ppm, and 
toxic   above  this   level   (Singh  and House, 1970). Neomycin 
dec reases   t he   r e sp i r a to ry  rate (oxygen uptake) of the  fungus 
Colletotrichum capsici ,  inh ib i t ing   fungal   g rowth  as a r e s u l t  
(Saksena e t  a l ,  1975)- 

A.1.4.5.2, Res is tance   to  Neomycin 

Neomycin i n h i b i t s   p r o t e i n   s y n t h e s i s  by a f f e c t i n g   t h e  30s 
ribosome, p a r t  of t h e  RNA/protein  production  system. It 
a f f e c t s  a s p e c i f i c   p r o t e i n ,  P10, which binds  the  growing 
cha in  of  amino a c i d s   t o   t h e  ribosome.  Plasmid-mediated 
r e s i s t a n c e   t o  neomycin is produced by an  enzymatic  reaction 
which  changes  the  configuration of t he  neomycin. It no 
longer  is ab le   t o   p reven t   t he  P10 protein  f rom i ts  a c t i o n   i n  
pro te in   synthes is .   There  are seve ra l  enzymes produced 
which  cause  plasmid-mediated  resistance. One is neomycin 
phospho-transferase,  which  acts by phosphorylating a c e r t a i n  
hydroxyl  group  on  the  amino-sugar  part  of  the  neomycin 
molecule, The enzyme a l so   confe r s   c ros s - r e s i s t ance   t o  
gentamycin A and other  aminoglycosides. 
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Some s tudies   have   been   car r ied   ou t  on the  product ion 
of neomycin- res i s tan t   bac te r ia   in   feed   an imals .   In   s tud ies  
submi t ted   to  FDA by P f i z e r   ( A p r i l  15,  1974, MF 3553), 
when swine were f e d  150 t o  200 g oxyte t racyc l ine   per   ton  of 
feed  and  neomycin at 175-182 g/ton,  one of  56 2. typhimurium 
i s o l a t e s  from the  medicated  groups  developed.   res is tan 'ce   to  
neomycin;  none  of 232 i s o l a t e s  from  non-medicated p i g s  
developed  resistance.  Coliforms were 12.6%  drug r e s i s t a n t  
a t  t h e  start  of the  s tudy.   Other   s tudies   submit ted by t h e  
drug  f i rms are d e s c r i b e d   i n   t h e   t e t r a c y c l i n e  NOH (Appendix 
B). In   an  Animal H e a l t h   I n s t i t u t e  (AHI) Snoeyenbos  study  on 
chickens  and  turkeys,   submitted August 8, 1975 (MF 3589) t h e  
majority of chicken  Salmonella  strains  (89%) were kanamycin- 
neomycin s e n s i t i v e .  However, a l a rge   p ropor t ion  of turkey 
Sa lmonel la   i so la tes  were m u l t i p l y   r e s i s t a n t   t o   a n t i b i o t i c s ,  
including neomycin  and t e t r acyc l ines ;   on ly   t h ree   i so l a t e s  
were s e n s i t i v e   t o   t e t r a c y c l i n e s .  

I n  t h e  AH1 Langlois  and Hays e t  a1 (1976)  study,  swine 
withdrawn  from  antibiotic: showed a decrease   in   co l i form 
r e s i s t a n c e s   t o  kanamycin  (39%  and 1%) and  neomycin  (23.4% 
and 1%), when compared wi.th he rds   f ed   an t ib io t i c s .  

Sampling re ta i l  stores,  L,akhotia  and  Stephens  (1973)  examined 
c u l t u r e s  of Salmonella  obltained  from  turkeys,  chickens, 
feed,   and  feed  ingredients ,   f inding 44.3% a n t i b i o t i c - r e s i s t a n t .  
Of these ,  36% were neomycin-resistant  (61.7% were tetra- 
cyc l ine - re s i s t an t ) .  s. heide lberg ,  s. typhimurium,  and 
- S. st. p a u l  were t h e   s t r a i n s   w i t h   t h e   l a r g e s t  amounts 
of drug   res i s tance .  Neomycin r e s i s t a n c e  and  R-plasmids 
were most often  found  in  specimens  from  turkeys,   al though 
some were also  found  in  chickens  and  feed  samples.  

Smith  and  Tucker  (1975a),  feeding  chickens  neomycin a t  
100 and  500 mg/kg  (ppm) f e e d   f o r  40 t o  60 days,  reduced 
the  amount of Salmonella  excreted i n  comparison t o  non-medicated 
birds.  Neomycin-resistant g. c o l i  emerged, bu t  no  neomycin- 
res i s tan t   sa lmonel lae .  
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I n  t h e  Animal  Health I n s t i t u t e  Study (MI) of  swine  (Gustafson, 
1976) f rom  s laughter   houses   in   Pennsylvania ,  Iowa and  Georgia, 
few  salmonellae were found i n  samples  from  Pennsylvania  or Iowa 
but  one  of 622 s t r a ins   found  i n  Georgia was r e s i s t a n t   t o   s t r e p t o -  
mycin/neomycin/kanamycin., No 2. typhimurium o r  2. he ide lbe rg  were 
studied  in   these  swine  samples .  E. col i   i so la tes   f rom  Pennsylvania  
conta ined   pa t te rns   o f   res i s tance   to   t e t racyc l ines ,   s t rep tomycin   and  
kanamycin (13 of 18 s t r a i n s )   o r   t o  neomycin  and  kanamycin p l u s   s t r e p -  
tomycin  and  tetracyclines ( 3  of 18 s t r a i n s  examined). 

S iege l ,  Huber  and  Enlowe (1974) f o u n d   t h a t ,   i n   I l l i n o i s ,  16% 
of farms  used  neomycin i n .  f e e d   f o r  swine,  59% f o r   p o u l t r y ,  and 
40% f o r  beef c a t t l e  and  calves.  There w a s  20.5% neomycin 
r e s i s t a n c e   i n  E. col i   f rom  swine,  12.3% i n  beef cat t le ,  bu t  
none i n  chickens  or Montana range catt le.  

To s imula te   fa rming   prac t ice  a t  weaning time, O'Brien  and 
Campbell (1975) fed  f ramycet in  (neomycin B )  t o  a t  90 g/ ton  
of f eed  (100 ppm) t o   f i v e   t o   e i g h t  week o ld   swine   for  
two t o   t h r e e  weeks. Res is tance   to   th i s   d rug  was induced 
w i t h i n   d a y s   i n   t h e   e n t e r i c  E. c o l i .  The E. c o l i   i n   t h e   g u t  
did  not  become f u l l y   s u s c e p t i b l e   a g a i n   u n t i l  s i x  to   seven  
weeks a f t e r   c e s s a t i o n  of treatment. 

Indiana  swine  samples  studied by Wilcock et& (1976) (from 
c l i n i c a l   i s o l a t e s )  show 0.07% r e s i s t a n c e   t o  neomycin in 2. 
choleraesus i ,  82% neomycin r e s i s t a n c e  in 2. typhimurium  and 66% 
r e s i s t a n c e   i n   o t h e r   v i r u l e n t   i s o l a t e s .  

I n  a survey of i n f e c t i o u s   m u l t i p l e   r e s i s t a n c e  among Salmonella 
i so la ted   f rom U.S. animals,   Pocurull  e t  a1 (1971) found t h a t  
85 of 267 m u l t i p l y   r e s i s t a n t   c u l t u r e s  were neomycin resis- 
t an t .  A large  percentage of t h i s  neomycin r e s i s t a n c e  was t rans-  
f e rab le .  2. typhimurium, S. choleraesuis,   and 2. h e i d e l b e r g  
were among t h e  largest serotypes  represented.  

According t o  H. W. Smith (1975),  neomycin s e n s i t i v i t y   i n  E. 
coli   from  Brit ish  swine  has  ranged  from 88% t o  98%. \ hen  
Walton (1966) examined  fec:al  samples  from 105 p igs  (8-20 
weeks)  and 98 ca lves  (1-12 wks o ld ) ,  89% of the  swine  and 45% 
of the   ca lves   conta ined   mul t ip ly   res i s tan t  E. c o l i .  The ' 
r e s i s t a n c e   p a t t e r n  Tc-Sm-Su-Nm appeared  most  often, when 
neomycin w a s  being  used i n .  t he   food   a lone   o r   i n   add i t ion   t o  a 
t e t r acyc l ine .  

. .  
. .  

In   On ta r io ,   d i s t r ibu t ion  of  neomycin r e s i s t a n c e   i n  E. c o l i  was 
found i n  47.9% of 379 bovine  samples  and 24.8% of 233 porc ine  
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samples.  In  a  different  sampling, 
were  neomycin-resistant  and 20.9% 

76.2% of 
of 15 por 

38 bovine E. coli 
cine  samples.  In 

this  study  of 151 isolates of &. typhimurium, 43% of  bovine 
samples  were  neomycin-resistant,  but  no  poultry  isolaees.  In 
the  non-poultry  isolates  other  than 2. typhimurium,  neomycin 
resistance  was  mainly  found  in 2. s t .  paul  (Hariharan  et  al, 
1974). Gram-positive  bacteria  were  also  tested for neomycin 
resistance  in  this  study.  It  was  found  in 40.7% of  Strepto- 
coccus  agalactiae  (bovine  mammary)  and 26.6% of  other  strepto- 
cocci  from  other  sources  but  in  only 0.3% of  Staphylococcus 
aureus . 
One  herd of Danish  swine  fed  neomycin  averaged 26% E. coli 
resistant  to  neomycin;  this  was  greatest  in  weaned  pigs.  In 
another  herd,  animals  became 93.3% resistant  to  neomycin  when 
fed  the  drug  prophylactically.  Discontinuing  use  in  this  herd 
made  little  difference  in  the  level  of  neomycin  resistance  in 
the  period  of  a  year  (Latsen  and  Larsen, 1974). 

A.1.5. Sulfonamides 

Sulfathiazole (110 ppm) or  sulfamethazine (110 ppm)  is  used  in 
the  feed  combination  chlortetracycline (110 ppm)  and  penicillin 
( 5 5  ppm). These  combinations,  used  in  about 40% of  hogs,  have 
the  claims  listed  in  Section 3.1.  of the  text. 

In addition,  sulfamethazine  (at 350 mg/head/day)  is  also  used 
with  chlortetracycline  (at 350 mg/head/day) in cattle,  to  main- 
tain  weight  in  the  presence  of  shipping  fever,  and  with  tylosin 
at 100 gjton  each  in  swine  for  growth  promotion,  control  of  atrophic 
rhinitis  (Bordetella  bronchiseptica),  swine  dysentery  (vibrionic)  and 
pneumonia  caused  by  Pasteurella  multocida  or  Corynebacterium  pyogenes. 

Because  the  manufacturers  of  sulfadimethoxine,  ormetoprim (a  drug 
combination  inadvertently  omitted  in  the  tetracycline NOH as  a  sub- 
stitute for oxytetracycline  in  the  treatment  of  fowl  cholera)  have 
refused  to  permit  disclosure  of  information  contained  in  its  response 
to the  May 27, 1977 Call  for  Environmental  Information (42 FR 27264- 
272661, and  because  the  Agency  has  no  other  environmental  information 
with  respect  to  the  drug,  it  is  not  considered  herein.  Interested 
persons  are  specifically  requested  to  submit  any  environmental  infor- 
mation  on  either  sulfadimethoxine  or  ormetoprim  or  the  combination 
thereof,  which  may  be  in  their  possession,  and  the  manufacturer  is 
again  requested  to  waive  :its  claim  of  confidentiality. 
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A.1.5.1. Chemical  and  Physical  Properties 

Sulfonamides  are  chemotherapeutic  agents  active  against 
microorganisms  but  not, als in  the  case of antibiotics,  manu- 
factured  by  them. 

Sulfonamide  is a generic  name  for  derivatives  of  p-NH2-benzene- 
sulfonamide  (sulfanilamide).  The  structural  relationships 
between  sulfanilamide,  sulfathiazole  and  sulfamethazine  are 
as  follows: 

Sulfanilamide 

Sulfathiazole 

. 

Sulfamethazine 

Figure A-6. Structure 'of Sulfonamides. (Merck Index,  1976, 9th Ed.) 
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Sul fa th i azo le  is so lub le  (60  mg/lOO m l )  i n  water a t  pH 6 ,  
26OC (higher  a t  37OC or a t  pH 7.5).  Acetylat ion  decreases  
t h e   s o l u b i l i t y  of su l f a th . i azo le , ,   i n   con t r a s t  t o  its usua l  
e f f e c t  on sulfonamides  (Yeary, 1975). A t  pH 4 .7 ,  t h e  
p a r t i t i o n   c o e f f i c i e n t  between  isopentylacetate  and water is 
0.40. The g r e a t e s t   p a r t i t i o n   i n t o   t h e .   l i p i d   p h a s e   o c c u r s  a t  
t h i s  pH, toge ther   wi th  t h e  maximum p a r t i t i o n   c o n c e n t r a t i o n  
of un-ionized  drug  (Augustine  and  Swarbrick, 1972). 

Sulfamethazine is water so lub le  (150 mg/lOO m l )  a t  2OoC. 
Its so lub i l i t y   i nc reases   r ap id ly   w i th   i nc rease  i n  pH and 
temperature (Merck Index,  9th Ed.). Water s o l u b i l i t y  of t h e  
ace ty l a t ed  compound, according  to   Metcalf  (FDA con t rac t  223-74- 
82511, is 380 ppm. The p a r t i t i o n   c o e f f i c i e n t  a t  pH 4.9 is 
3.17 between  isopentylacetate  and water (Augustine  and  Swarbrick, 
1972). 

A. 1 . 5.2. Action  on  Microorganisms 

A.1.5.2.1. Mechanisms of  Action 

Sulfonamides are thought  to work by compet i t ive   inh ib i t ion  
with  para-amino  benzoic  acid (PABA), which is necessary   for  
fo l i c   ac id   syn thes i s   i n   mic roorgan i sms .   Spec i f i ca l ly ,   t hey  
may compete f o r   t h e  enzyme coupling PABA and  dihydropter idine 
i n   t h i s   r e a c t i o n   ( W e i n s t e i n ,  1975). Animal cells are not  
a f fec ted ,   s ince   they   requi re   p reformed  fo l ic   ac id .   Therefore ,  
se lec t ive   tox ic i ty   for   microorganisms  resu l t s .  

A.1.5.2.2.  Antimicrobial  Spectrum 

Sulfonamides  or iginal ly  had a wide  range of b a c t e r i o s t a t i c  
a c t i v i t y   a g a i n s t   b o t h  Gram-negative  and  Gram-positive 
bac te r i a .  However, bac te r ia l   su l fonamide   res i s tance   o f ten  
c a u s e s   t h e r a p e u t i c   f a i l u r e s   i n  humans, p a r t i c u l a r y   i n  
infect ions  caused by gonococci,  staphylococci,  meningococci 
and s t r ep tococc i ,  as well as in   Shipe l la   dysentery  and 
infec t ions   caused  by E. ,&lfluenzae  and  Streptococcus  pneumoniae. 
The u s e  of sulfonamides  for  some years in   t r ea t ing   gonor rhea  
r e s u l t e d   i n   r e s i s t a n t  Neisseria and,  thus,   nec.essitated a 
switch  to  other  drugs;  however,  Neisseria gonorrheae are 
again  becoming  sensi t ive t o  sulfonamides. 
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Sulfonamides  are  still  the  drug  of  choice  in  humans  for 
diseases  caused  by  Nocardia  and  in  important  disease's 
such  as  lymphogranuloma  venereum,  trachoma, and-inclusion 
conjunctivitis  which  are  caused  by  chlamydia  (small  organisms 
reproducing  only  within  host  cells).  Sulfonamides  are  also 
used  in  certain E. coli  and  other  urinary  tract  infections  and 
in  various  skin,  ophthalmic;  and  burn  infections. 

Typical  minimum  inhibitory  concentrations  (MICs)  for  sulfonamides 
are  shown  below  for  some  pathogenic  bacteria  along  with  the  Gram 
staining  properties  of  each  species. 

Table A-XI 
Sensitivity  of  Pathogens  to  Sulfonamides 

Pathogen  MIC  (ug/p;)  Gram  stain 
Streptococcus 0.5-16 Positive 
S .  pneumoniae 
Staphylococcus 
Neisseria 
Klebsiella,  Proteus 
Salmonella 

4-120 Positive 
8-64 Positive 
5-32 Negative 
8- 64 Negative 
8-128 Negative 

(Garrod  et  al,  4th  Ed., 1973) 

A.1.5.3. Introduction  into  Environment 

A.1.5,3.1.  Manufacturing  Wastes 

No  data  were  submitted  in  response  to  the  Call  for  Environmental 
Information (42 FR 27264), concerning  the  nature  and  quantity  of 
wastes  entering  the  environment  from  the  manufacture  of 
sulfamethazine  and  sulfathiazole, 

A.1.5,3.2. Occupational  Exposure  to 
Sulfonamides 

There  is  a  high  degree  of  sensitization  to  the  sulfonamides  in 
farmers  and  veterinary  workers  (Jirasek  and  Jiraskova, 1973). 
Skin  sensitization  is  very  common.  Fever,  malaise,  headache 
and  chills  may  be  present  simultaneously.  Cross-sensitization 
among  sulfonamides  occurs  (Weinstein, 1975). 

A.1.5.3.3. Excretion  and  Metabolism  by 
Target  Animals 

. 

The  sulfonamides  are  generally  well-absorbed  from  the  gastro- 
intestinal  tract  of  animals,  except  for  so-called  "enteric" 
sulfonamides  which  are  poorly  absorbed  and  used  only  to  treat 
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infections  localized  within  the  intestinal  tract.  Sulfonamides 
can  be  absorbed  from  sites  other  than  the  gastrointestinal 
tract;  however,  the  quantity  absorbed  depends  on  the  total 
amount  of  drug  available,  the  area  and  vascularity  of  the 
absorption  site,  the  ionization  state  and  lipophilicity  of 
the  drug. 

. 

In  the  bovine,  the  kidney  is  the  major  route  of  sulfonamide 
excretion,  although  minor  quantities  are  lost  through  the 
bile,  intestinal  secretion,  milk,  and  sweat.  Some  poorly 
absorbed  sulfonamides  pass  in  large  amounts  through  the 
gastrointestinal  tract  into  the  feces.  The  rate  of  sulfona- 

?, mide  excretion  via  the  kidney  is  related  to  the  plasma  level 
of  the  drug.  Sulfathiazole  is  excreted  much  more  rapidly 
than  sulfamethazine,  yet  the  degree of  protein  binding is 
similar (FDA contract 71-69) . 
The  most  important  single  factor  determining  the  duration  of 
a  sulfonamide  in  the  calf  body  is  the  manner  in  which  the 
kidney  handles it.  Sulfathiazole,  being  filtered  and 
secreted,  leaves  the  body  quickly.  Drugs  such  as  sulfa- 
pyridine  and  sulfamethazine  are  retained  for  longer  periods 
of time,  roughly  proportional  to  the  degree  of  kidney 
tubular  reabsorption  (Stone, 1965). When  sodium  sulfathiazole 
was administered  intravenously  to  swine  in  an  experimental 
study,  the  concentration  of  sulfathiazole  determined  in 
various  tissues  was  found  to  correlate  well  with  the 
average  plasma  concentrations  and  urine  output.  Approximately 
70% of  the  drug  was  excreted  in  the  urine  in 24 hours; 48% 
of  the  administered  dose  was  excreted  as  unchanged  sulfathiazole 
and 19% a5  acetyl  sulfathiazole,  while 0.91% was  excreted  as 
a  polar  metabolite.  Individual  animal  data  suggested  that 
the  formation  of  the  acetyl  metabolite  occurred  more  rapidly 
in  some  animals  than  others (FDA contract 71-69). 

Sulfathiazole  administered  orally  was  absorbed  more  slowly 
by  cattle  (half-life  in  blood = 10.3 hrs.)  than  by  swine 
(half-life  in  blood = 0.7 hrs.)  (Koritz, 1975). Younger 
animals  absorb  the  drug  more  rapidly,  for  example,  when 
administered  orally  to  calves  ranging  from 1 to 16 weeks 
(Jones, 1947). 

In  studies  with  sulfametha.zine ( S M Z ) ,  swine  were  dosed  at  an 
oral  level  of 107.25 mg/kg  body  weight.  Peak  plasma  concen- 
trations  of SMZ (14.6% of the  dose)  occurred  at  the  second 
hour  following  drug  administration.  The  half-life  of  plasma 
disappearance  was  much  greater  in  swine  than  in  sheep  or 
cattle.  Thin  layer  chromatography  of  the  swine  urine 
resulted in the  separation of three  urinary  components; 
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sulfamethazine,,  acetylsulfamethazine  and  polar  metabolites. 
These  compounds  represented 24.7%,  4919% and 9.6%, respectively, 
of the  oral  dose  administered, OH 84% total.  No  hydroxylated 
metabolites  were  noted  in  the  urine of swine  dosed  orally 
with  sulfamethazine,  although  these  have  been  observed in 
sheep  and  cattle  (Bevill  and  Huber, 1975). 

R. L. Metcalf  (FDA  contract 223-74-8251) found  that 62% of 
sulfamethazine  administered  orally  to a'mouse was  excreted 
in 72 hours, 17% as  ntact  drug.  The  major  metabolite (8%) 
was  believed  to  be N -acetyl  sulfamethazine. 

Sulfonamides  undergo  numerous  structural  alterations  in  the 
animal  body.  Acetylation,.  oxidation,  conjugation  with 
sulfate  or  glucuronic  acid,  and  the  cleavage  of  their 
heterocyclic  rings  have  been  reported.  The  metabolism of 
sulfamethazine  following  its  oral  administration  to  cattle 
(Fig. A-7) illustrates  the  varied  processes  involved  in 
sulfonamide  metabolism  (Nielsen, 1973). 

i 
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Figure A-7 Sulfamethazine Metabolism  in  Cattle (Bevill and Huber, 1977) 
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Sheep a c e t y l a t e  a lower  percentage (10%) of e n t e r i c   s u l f a -  
t h i azo le   t han  catt le (32%) o r  swine (39%). Cattle a c e t y l a t e  
25% of an   o ra l   dose  of sulfamethazine  (Beville  and  Huber,1977). 
Sulfamethazine is metabolized more s lowly   than   su l fa th iazole  
(Mercer,  1975). 

A.1.5.3.4. Tissue  Residues  in  Human Foods 

Sulfonamide t i s s u e   r e s i d u e s  are determined 
in spec t ion   su rve i l l ance   and   d i f f e ren t i a t ed  
d rugs   o f   t h i s  class. The 'p re sen t   t o l e rance  
mides i n  uncooked e d i b l e   t i s s u e  of var ious  
l i s t e d  a t  21 CFR 556.625 through 556.700. 
were 141  to ta l   v io la t ions   observed   in   1943 

by USDA meat 
i n t o   i n d i v i d u a l  
fo r   t he   su l fona -  
animals is 
I n  1976, t h e r e  
samples  from 

swine.  There were a l s o  2 v i o l a t i o n s  of  476 t i s sue   samples  
i n  catt le,  4 of 327 t i s s u e  samples in   ca lves ,   one   f rom 333 
chicken  t issue  samples  and 10 from 648 tu rkey   t i s sue  
samples.  In  1975,  there were 34 v i o l a t i o n s   i n  293  swine 
t i s s u e  specimens  and a l s o  5 v i o l a t i o n s   i n   t i s s u e   s a m p l e s  
from calves and 40 from  turkeys.  Sulfonamides  have  been a 
major  source of t i s sue   r e s idue   v io l a t ions  i n  recent   years .  

Messersmith et  a1 (1967)  found t i s s u e   r e s i d u e s  of sulfamethazine 
i n  swine Eed l a r g e  amount:; of the  widely  used  chlor te t racycl ine-  
sulfamethazine-penicillin combination (CSP). The sulfamethazine 
res idues   in   swine   l iver   and   k idney  were less than 4 ppm on 
zero  day  withdrawal  and  declined t o  less than 0.1 ppm by the  
7th  day  after  withdrawal.  

From June   t o  December of  l977,  1500  swine  per month were 
sampled by USDA fo r   v io l a t ive   t i s sue   r e s idues .   Us ing   da t a  
f rom  these  t issue  samplings,  286 FDA Establishment  Inspection 
Reports ( E I R s )  o n   v i o l a t i o n s  were e v a l u a t e d   t o   e s t a b l i s h  
cause. The major  probable  cause was determined t o   b e  
contaminated  withdrawal  feed  (34%).  Failure  to  follow  the 
withdrawal  period was the  next  most f requent   probable   cause 
(15%).  These 2 causes acc:ount fo r   abou t  50%  of t he   r e s idue  
violat ions.   Accidents  (e.€;., hogs  breaking down fences  and 
consuming  medicated  feed),  fecal/urine  recycling,  unapproved 
use,  and water contaminated  with  sulfa  probably  accounted 
f o r  10% of the   res idues .  No probable  cause  could  be  found 
f o r  13% of the  res idue  violat ions  even  though  the  producers  
were determined  and  the E 1 . b  were adequate (FDA,  Memo from 
Staff  Science  Advisor,  HFS,-2, t o  FDA Commissioner,  February 
21, 1978). 
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A.1.5.4. Pate  of  Sulfonamides in  the  Environment 

A.1.5.4.1. Persistence  and  Degradation 

Sulfamethazine  was  found  to  be  biodegradable  in  a  33-day 
terrestrial-aquatic  model.  ecosystem  (Metcalf,  FDA  contract 
223-74-8251),  but  it  persisted  primarily  in  the  water  phase  in 
very  low (0.016 ppm)  levels  for  the  entire  test  period. No 
data  are  available on sulfathiazoles. 

A.1.5.4.2. Mobility in the  Environment 

We  believe  that  the  high  water  solubility  of  sulfamethazine 
and  sulfathiazole  indicates  that  these  compounds  can  readily 
be  leached  through  soils.  More  definitive  data  are  not 
available  to  the  Agency. 

A.1.5.4.3. Bioaccumulation 

R. L. Metc9if  and  associates  (FDA  contract  223-74-8251)  have 
examined S -labelled  sulfamethazine,  using  a  33-day  model 
feedlot  ecosystem  and  a  3-day  aquatic  model.  In  the  aquatic 
model,  sulfamethazine  was  found  in  the  water  phase  but  it 
failed  to  concentrate  to  levels  high  enough to be analyzed  for 
metabolites  in  the  test  organisms  (algae,  daphnia,  mosquito, 
snail  and  fish)  (See  Metcalf  et  al,  1971;  Metcalf  and  Sanborn, 
1975  for methods).  This  lack  of  observed  bioaccumulation  may 
be  attributed  to  sulfamethazine's  moderately  high  water 
solubility  and  low  partition  coefficient,  which  allow  rapid 
elimination  and  minimal  storage  it  lipid  tissues.  The  primary 
metabolite  in  the  water  was  the N -acetyl  sulfamethazine, 
although  the  organisms  each  contained  some  sulfamethazine,  its 
acetylated  and  methylated  derivatives,  as  well  as  polar 
products. 

Concentrations  of  sulfamethazine  in  the  33-day  model  feedlot 
study  were  low,  with  values  of 0.016 ppm in  unhydrolyzed 
water, 0.106 ppm in the  alga, 0.023 ppm in  daphnia, 0.075  ppm 
in  a  mosquito, 0.035  ppm in snails  and  g.0158  ppm in fish. 
Higher  values  were  sometimes  seen  for  N  -acetyl  sulfamethazine 
and  lower  values for  other  metabolites. 

A.1.5.5.  Eiffects  upon  the Environment 

A.j.5.5.1. Toxicity  to  Non-Pathogens 

Sulfonamides  produce  characteristic  hypersensitivity  reactions 
in  about  5%  of  humans;  however,  these  are  rarely  serious. 
Cross-sensitization  between  different  sulfonamides  sometimes 
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occurs. A number of other  adverse  side-effects  from  sulfonamides 
o c c u r s   i n  human therapy,   including  disorders  of the  blood-forming 
(hematopoietic)  system  and  urinary tract, as w e l l  as s k i n   s e n s i t i -  
zat ion,   hepat i t is   and  drug  fever   (Weinstein,  1975). 

Cattle have  been  given  oral   dosages of 154 mg s u l f a t h i a z o l e  
per   kg   for   up   to   f ive   days   wi thout   rena l   e f fec ts ,   bu t   increas ing  
the   dosage   to  176 mg p e r  kg resu l ted   in   k idney   tox ic i ty .   Calves  
a c e t y l a t e  66 t o  83 per   cen t  of  administered  sulfathiazole,   and 
only 12 per  cent  of sulfamethazine  (Yeary, 1975). Sulfonamides 
are exc re t ed   i n   t he   swine   u r ine   pa r t ly  unchanged  and p a r t l y  as 
acetylated  metabol i tes .  It is  known tha t   t he   ace ty l a t ed  
compound r e t a i n s   t h e   p o t e n t i a l  of being  deacetylated  back t o  
t h e  parent  drug ,   whi le   no t   be ing   ac t ive   aga ins t   bac te r ia  
themselves.  Birds are r e a d i l y   a b l e   t o   d e a c e t y l a t e   a c e t y l a t e d  
su l fonamides ,   thereby   res tor ing   the i r   an t imicrobia l   ac t iv i ty .  

L i t t l e  information is ava i l ab le  on t o x i c i t y  of sulfonamides 
t o   o t h e r   l i f e  forms. The growth  of  the  blue-green  alga 
Anacystis  nidulans w a s  i nh ib i t ed  by s u l f a t h i a z o l e  (Kumar, 
1965) a t  500-1000 ppm. Su l f a th i azo le  a t  500 ppm had  no e f f e c t  
upon t h e  number of Toxoplasma gondi   enter ing a HeLa ce l l  
cu l ture   nor   d id  i t  a f f e c t   t h e i r   c a p a b i l i t y   t o   p e n e t r a t e   t h e  
cell.  However, when these  parasites were incuba ted   i n  a medium 
containing 50 u g / d  (ppm), they were s i g n i f i c a n t l y   i n h i b i t e d  
i n  growth  (Lycke  and Lund, 1966). Sulfa th iazole  a t  15 ppm did 
not  reduce  spore  germination and  growth of Clostridium  botulinum 
during  anaerobic   incubat ion (Ward and Car ro l l ,  1967). 

The t o x i c i t y  of sulfamethazine  has  been  examined i n   t h e  rat 
and  dog. I n  each   spec ie s ,   a f t e r  90 day s tud ie s   w i th   su l f a -  
methazine, 6 mg/kg of sulfamethazine was the  minimal   effect  
l eve l .  The no e f f e c t   l e v e l   i n   t h e  most s e n s i t i v e   s p e c i e s  is 2 
mg/kg/day.  Thyroid  weights for   female  rats were dec reased   i n  
t reated  groups.  Weight ga in  was somewhat less i n   t r e a t e d  dogs 
a f t e r   s e v e n  weeks,  and  average  food  consumption was less i n  
female dogs.  Treated male dogs  had  higher   thyroid  act ivi ty  
and  weights  than  non-medicated  animals (AH1 tox ic i ty   s tudy ,  
submi t ted   to  FDA May 16,  1975. MI? 3623). 

Ninety-day s u l f a t h i a z o l e   s t u d i e s  were car r ied   ou t   in   dogs  and 
rats. I n  each  species ,  t h e  minimal e f f e c t   l e v e l  was considered 
t o   b e  18 mg/kg (AH1 tox ic i ty   s tud ies   submi t ted  t o  FDA, J u l y  
22, 1975). Acute t o x i c i t y  of sulfamethazine is >10 ppm f o r   t h e  
daphnia ,   mosqui to ,   f ish,   snai l  and a l g a  s tudies   (Metcalf ,  FDA 
con t r ac t  223-74-8251). 
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A.1.5 .5 .2 .  Microbial  Resistance 

. 

Chromosomal  resistance in E. coli  and  pneumococci  is  thought 
to  be  due  to an altered  enzyme  which  has  a  lowered  affinity 
for  sulfonamides  in  comparison to para-amino  benzoic  acid 
(PABA) (Benveniste  and  Davies, 1973). 

R-plasmid  mediated  bacterial  sulfonamide  resistance is poorly 
understood. It has  been  attributed  to  many  causes.  Several 
recent  articles  demonstrate  that,  in  sulfonamide-resistant E. 
coli,  Citrobacter,  and  Klebsiella  isolates,  an  alternate 
enzyme  is  produced  which  permits  folic  acid  production  to 
continue  (Wise  and  Abou-Donia, 1975; Skold, 1976). R-factors 
in  these  organisms  code  for  a  modified  enzyme,  smaller  and 
less  heat-stable  than  usual  and  resistant  to  any  sulfonamide 
tested,  as  well  as  to  sulfanilic  and  arsanilic  acid,  while 
retaining  sensitivity  to  PABA  and  closely  related  analogues. 

Generally,  bacterial  resjistance  to  one  sulfonamide  confers 
resistance to other  sulfonamides. As usual,  other  anti- 
biotic  classes  are  represented  in  the  resistance  patterns 
occurring on multiple-resistant  bacterial  R-factors  which  code 
for  sulfonamide  resistance. 

Although  sulfonamide-resistant  Streptococcus  pyogenes  emerged 
during  the mass prophylactic  use of sulfadiazine  in  military 
personnel  during  World  War 11, these  sulfonamide-resistant 
strains  did  not  constitut:e  any  particular  problem in  civilian 
medicine.  However,  large-scale  chemoprophylaxis  with  sulfona- 
mides  favors  the  development  of  resistant  streptococci  and 
represents  a  hazard  that  should be risked  only  in  an  emergency, 
according  to  Weinstein (1975). 

Distribution  of  Sulfonamide  Resistance  in  Bacteria  From  Swine 

Sulfamethazine  and  sulfathiazole  are  used  for  swine  in  combi- 
nation  with  penicillin  and  the  tetracyclines.  These  uses 
would  be  affected  by  restrictions on the  subtherapeutic  use  of 
tetracyclines  and  penicillin.  These  products  represent  about 
40% of  antibiotic  use in swine, On farms  where  sulfamethazine 
constituted 68% of  the  antimicrobials  used  continuously in 
feed, 83% of swine E. coli  samples  were  resistant  to  sulfonamides. 
76% of  these  same  farms  used  tetracyclines;  there  was 90% 
tetracycline  resistance, 52% of  these  farms  used  penicillin 
in medicated  feeds; 53% of E. coli  from  these  farms  were 
ampicillin-resistant  (Siege1 et al, 1974). Wells and  James 
(1973) found 50% sulfonamide  resistance  in  coliforms  from 
non-medicated  pigs,  compared  to 91% sulfonamide  resistance  in 
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coliforms  from  all  antibncterial-medicated  swine.  The 
average  sulfonamide  resistance.was 57.3% (using  sulfathiazole 
sensitivity  discs)  in 688 Salmonella  isolated  from  animal 
sources.  However,  in 4841 S. typhimurium  isolates,  sulfonamide 
resistance  was 73.0% (Neu et al, 1975). Wilcock  et a1 
(1976) did  not,  however,  find  sulfonamide  resistance  in 2. 
typhimurium  or 2. choleraesuis  from  swine,  using  triple 
sulfa  sensitivity  discs,  although  some  other  Salmonella 
isolates  were  sulf  onamide-resistant . 
In  Great  Britain, 92% of  swine E. coli  were  sensitive  to 
sulfonamides  in 1956. By 1970, only 38% were  sensitive. 
The  percent of swine  specimens  with  sulfonamide-resistant E. 

discontinuation  of  sulfonamide use in  swine  feed  (Smith, 
1975). Similarly,  in  Denmark,  swine E. coli  remained  almost 
totally  sulfonamide-resistant  between 1970 and 1971-2, after 
prohibition  of  growth  promotant  use of antibiotics  (Larsen 
and  Larsen, 1975), although  later  studies  showed  decreased 
multiple  resistance  in E. coli  from  closed herds (Larsen  and 
Nielsen, 1975). 

- coli  has  remained  about  the  same  from 1970 to 1975, despite 
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A.2. Substitute  Drugs 

A. 2 . 1. Bacitracin 

The  bacitracins  are  a  group  of  polypeptide  antibiotics  produced 
by  Bacillus  subtilis.  The  methylene  disalicylate  and  zinc  salts 
of  bacitracin  are  used  as  feed  additives  to  promote  growth  and 
for  disease  control  in  poultry,  swine  and  cattle.  These  salts 
disassociate  upon  ingestion,  releasing  the  active  bacitracin 
base.  Bacitracin  is  used  topically  in  human  medicine  to  treat 
skin  infections  and  infected  superficial  wounds. 

A.2.1.1. Physical  and  Chemical  Properties 

The  structure of  bacitracin  is  shown  below. It is  composed  of 
amino  acids  joined  in  a  cyclic  polypeptide.  The  antibiotic  is 
a  hygroscopic  powder,  stable  at  room  temperature.  Bacitracin 
is  water  soluble  and  quickly  deteriorates  in  aqueous  solution 
unless  refrigerated. It is  practically  insoluble  in  ether, 
chloroform  and  acetone. No lipid-water  partition  coefficients 
are  available;  however,  the  coefficient  should  be  low,  based 
upon  the  high  water  solubility  of  the  drug.  Bacitracin  is 
stable  in  acid  solution.  In  alkaline  medium,  bacitracin 
changes  to  a  less  active  molecular  form  (Merck  Index,  9th  Ed. 1. 

;j 
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Figure  A-8.  Structure of Bacitracin  (Merck  Index,  9th Ed.) 

A.2.1.2. Antimicrobial  Spectrum  and  Mechanism  of  Action 

Bacitracin  is  highly  active  against  many  species  of  Gram-positive 
bacteria  and  pathogenic  Neisseriae.  The  pathogenic  hemolytic 
streptococci  (Lancefield's  Group  A)  are  especially  sensitive. 
Minimum  Inhibitory  Concentrations  (MICs)  against  Streptococcus 
and  Staphylococcus  range  from 0.21  to 130 ug/ml (ppm).  Some  other 
MICs  in ug/d are:  Staphylococcus  0.5-5.0, E.  coli  250-500, 
Aerobacter  250-500,  Bacillus  500,  Klebsiella  31-100,  Vibrio  0.07- 
5.0, Bacteroides 7.8,  Pasteurella  0.003-10  (NADA  46-592,  Vol. 12, 
p.13). Bacitracin  methylene  disalicylate  has  the  ability  to  inhibit 
Streptococcus  bovis,  an  organism  causing  severe  acidosis  in  cattle. 
However,  bacitracin  inhibits  other  rumen  bacteria  at  the  same 
time  (Klatte  and  Thomas,  1967).  Feeding  diets  containing  10  or 
100 ppm  bacitracin  to  chickens  did  not  influence  significantly 
the  amount  of  Salmonella  excreted,  when  compared  with  non- 
medicated  birds  (Smith  and  Tucker,  1975).  Similar  results 
were  obtained  in  studies  submitted to FDA by the  Animal  Health 
Institute (MF 3596, MJ! 3577,  Dec.  17,  1974). 
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Bacitracin  inhibits  biosynthesis  of  peptidoglycan,  a  macro- 
molecular  polymer  in  the  bacterial  cell  wall,  acting  at  a 
different  reaction  site  from  that  of  penicillin  (Anderson - et -, a1 1972;  Stone  and  Strominger,  1971).  Resistance  to 
bacitracin  has  not  been  observed  on  bacterial  plasmids. A 
chromosomal  mutation  may  occur  in  vitro  but  is  rarely  found 
-- in  vivo  (Szybalski  and Bqson, 1952;  Stone, 1949). 

A.2.1.3. Introduction  into  the  Environment 

A.2.1.3.1. Manufacturing  Wastes 

One of four  firms  manufacturing  bacitracin  has  submitted 
a  statement  that  it  produces  about 125,000 kg bacitracin  meth- 
ylene  disalicylate  annually,  its  manufacture  involving  a  fer- 
mentation  using  nutrients  and  non-pathogenic  organisms  (Bacillus 
subtilis).  Airborne  products  involve  only  CO  -enriched  air. 
Solid  materials  containing  filter  aids,  mycella  and  insoluble 
biodegradable  and  inert  materials  are  disposed of via  sanitary 
landfill.  Liquid  wastes  are  disposed  of  in  the  municipal  sewage 
system.  These  contain  only  non-toxic  salts  and  biodegradable 
organisms.  The  firm  stated  that  this  process  is  in  accordance 
with  local  and  state  environmental  and  health  regulations. 
Another  firm  indicated  only  that  production  is  in  accordance 
with  environmental  standards, No data  are  available  for 
other  manufacturers. 

2 

A.2.1.3.2. Occupational  Exposure 

Hypersensitivity  reacti0n.s  to  bacitracin  occur  but  are  uncommon 
(Weinstein,  1975;  Pirilia  and  Rantanen,  1960;  Huber,  1977). 
No data  are  available  which  deal  with  occupational  contact  allergy 
reactions  or  other  effects  on  workers. 

A.2.1.3.3. Introduction  into  Environment 
through  Excretion  by  Target  Animals 

Chickens  fed 11 ppm  zinc  bacitracin  contained 31 to 54 ppm  (wet 
weight) in their  intestines,  according  to  Bare  et a1 (1965), 
while  litter  from  facilities  where  chickens  were  fed 
bacitracin  continuously  contained  from 0.05 to 8.5  ppm  (Webb 
and  Fontenot,  1975). 

In  swine,  bacitracin  administered  by  oral  gavage  was  poorly 
absorbed  from  the  gastrointestinal  tract  and  excreted  primarily 
in  feces  and, to a  lesser  extent, in urine.  The  small  amounts 
absorbed  across  the  gut  wall  did not accumulate  in  any  organs 
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except  kifzey  (Grezin  et  al,  1974).  Plasma of pigs  fed 252 
ppm  zinc  C  bacitracin  for 3 days  contained 1.5 to 2.1% 
of the  radioactivity,  none  was  found  in  liver,  kidney, 
muscle,  brain  mesentery  or  skin  tissues;  about 1.7% was 
excreted in urine  and  about 92% in feces.  It  is  uncertain 
whether  bacitracin  or  a  metabolite  was  excreted  (Donoso 6 
-, a1 1970). 

No data  on  bacitracin  met.abolism  and  excretion in  cattle 
were  submitted  in  response  to  the Agency's  May 1977 Call  for 
Environmental  Information  (42FR27264)  or  were  located  in a 
literature  search. 

Absorption  of  bacitracin from the  gastrointestinal  tract 
in  other  mammals  is  1imit.ed  (Huber, 1977). Bacitracin 
administered  orally  to  dogs  in  doses  of 26 mg/kg  body 
weight (1000 units)  per  day  afforded  plasma  concentrations 
of 0.002 mg/ml (2  ppm)  and  urinary  concentration  of 0.006 
mg/ml (5.7  ppm)  (Bond  et  al,  1948). 

A.2.1.3.4. Residues  in  Human  Foods 

Bacitracin,  even  at  high  levels,  does  not  produce  detectable 
residues  in  animal  tissues  due  to its poor  absorption  (Scudi 

residues,  however.  (See  also A.2.1.4.3.  Bioaccumulation). 
- et -9 a1 1947). Data  have  not  been  published  by  USDA  on  bacitracin 

A.2.1.4. Fate  in  the  Environment 

A.2.1.4.1. Persistence  and  Degradation 

The  types,  quantities,  and  bioactivity  of  bacitracin  metabolites 
present  in  the  excreta  of  target  animals  are  not  determined 
*in any  studies  reviewed  by  the  Agency  for  the  preparation of . , 

this  EIS.  We  believe  that  the  polypeptide  chemical  structure, 
absence  of  hard-to-degrade  chemical  substituents  (such  as 
halogens)  and  high  water  solubility  suggest  that  bacitracin 
is  biodegradable,  probably  by  successive  deamination  and 
dealkylation  reactions  catalyzed  by  enzymes  present  in  most 
soil  bacteria  and  fungi. 

Bacitracin  excreted  in  feces  has  been  found  to  be  unstable 
when  incorporated  into  soil. An environmental  half-life  of 
about 10 days  was  observed  for  bacitracin  when  exposed  to 
normal  environmental  soil  conditions of moisture,  temperature, 
and pH (Bacitracin  EIAR,  IMC  Chemical  Group,  11-25-77). 

Bacitracin  inactivation  h8as  been  examined in excreta  from 
broiler  chickens  continuously  fed  mash  containing 500 g 
bacitracin MD per  ton of feed  (Bacitracin EIAR, AL Labora- 
tories, 8-3-77). Results  were  as  follows: 
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Table  A-XI1 
Bacitracin  Inactivation  in  Chicken  Excreta 

Bacitracin  found  (ppm) 
Sample  dry  weight  basis 

Fresh  feces  6.17 
Same 
Same 
Same 
Same 
Same 

Half  -1if  e 

held 24 hrs.  rm. T 
held 72 hrs.  rw. T. 
held 7 days 
held 14 days 
held  21  days 

5.00 
4.89 
1.30 
0.40 
0.40 

was  estimated to be 4 to  7  days. 

A.2.X.4.2.  Mobility  in  the  Environment 

Pinck,  Soulides,  and  Allison (1961) demonstrated  bacitracin 
to  be  one of a  group of amphoteric  antibiotics,  including 
chlortetracycline  and  oxytetracycline,  which  are  weakly 
adsorbed  and  easily  released  in  active  form  from  clay-anti- 
biotic  complexes  in  soils.  These  antibiotics  were  released 
from  all  soil  types  and  c:lays  tested.  Based  on  these 
data  and  the  high  water  solubility of bacitracin,  we  conclude 
that  this  antibiotic  is  mobile  in  soils,  with  temporary  or 
partial  retention  occurring  depending  on  soil  pH  and  clay 
composition  and  content, 

A.2.1.4.3. Bioaccumulation  in  Target  Animals 

No tissue  residues of bacitracin  have  been  found  in  chickens, 
turkeys,  or  laying  hens  consuming  feed  containing  bacitracin 
at  as  much  as 1000 g/ton (1100 ppm)  until  the  day of sacrifice. 
No detectable  residues  have  been  found  in  tissues of cattle 
or  swine  consuming  bacitracin MD at 500 g/ton (550 ppm) 
(Bacitracin EIAR, AL Laboratories, 8-3-77). 

Since  bacitracin  has  high  solubility  in  water  and  low 
solubility  in  organic  compounds  (properties  favoring  efficient 
excretion A.2.1.1.), has  poor  absorption  in  target  animals 
(A.2.1.3.3.),  and is  inactivated  in  animal  wastes  and  so3ls 
(A.2.1.4.1.) we  concluded.  that  it  is  unlikely  that  long  term 
bio  accumulation  would  occur  with  environmental  residues of 
bacitracin. 
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A.2.1.5. Environmental  Effects 

A.2.1.5.1. Toxicity to Non-pathogens 

Bacitracins,  like  other  polypeptide  antibiotics,  have  produced 
hypersensitivity  reactions  in  man.  Surveys  of  human  patients 
yielded a range  of  prevalence  of  dermal  hypersensitivity  to 
bacitracin  from 0.3% of 380 patients  (Schwank, 1965) to 7.8% 
of 17,500 patients  by  patch  testing  (Pirilia  and  Rantanen, 
1967). Bacitracin  is  not:  used  systemically in man  since  it is 
extremely  nephrotoxic  (toxic  to  kidney  tissue). 

Quantities  of  bacitracin  required  for  induction  of  oral  acute 
toxicity  among  rabbits  were  found  to  be  more  than 5200 %/kg 
body  weight  (Payne  et  al, 1951). In  acute  toxicity  studies  with 
mice,  the  oral  LD  was  found  to  be 3375 mg/kg  body  weight 
(Bacharach  et  al, 5?959) . 
Bacitracin  at 25 mg/kg  body  weight  had  no  effect  upon  the 
reproductive  function  of  swine  (Shikhova  et a1 1974). Fed  to 
chickens  at 300 mg/kg  of  feed  for 90 days,  there  were  no  toxic 
effects;  however,  bacitracin  at 1000 mg/kg of feed  led  to 
slight  effects on the  kidney  tubules  (Simeonov  et  al, 1975). 
Bacitracin  is  not  used  parenterally  in  animals  because  of 
potential  nephrotoxicity.  Lethal  doses  produce  renal  tubular 
damage. 

Bacitracin-related  phytotoxicity  was  not  observed in the  limited 
data  available.  Bacitracin  at 50-200 ppm  prevented  microbial 
contamination  of  the  periwinkle,  Vinca  rosea, in tissue 
cultures,  without  exhibiting  any  toxic  effects  upon  callus 
tissue-growth  (Carew  and  Patterson, 1970). Data  from  one 
greenhouse  study  indicate  that  bacitracin  stimulates  production 
of  clover  nodules  and  numbers of fungi  in  cropped  soil  (Hervey, 
1955). Bacitracin  from  the  excreta of medicated  target 
animals  did  not  affect  yield  in  potted  oats  (Tietjen, 1975). 

In  insects,  the  data  available  indicate  that  bacitracin is of 
low  toxicity.  Bacitracin  was  toxic  to  rice-weevil  larvae 
(Sitophilus  oryza)  fed  at 20,000 ppm  (Baker  and  Lum, 1973). 
The  toxic  level  for  1arva.e  of  Agria  affinis  (flesh-eating  flies) 
was  greater  than 50,000 ppm  in  feed  (Singh  and  House, 19JO). 

Bacitracin  inhibits  growth  of  Halobacterium,  a  genus  of  bacteria 
found  in  salt  water,  which  lacks  the  peptidoglycan  layer. 
characteristic  of  the  cell  wall  of  most  prokaryotes  (Mescher 
and  Strominger, 1975), Me  believe  that  bacitracin  probably 
has  no  effect  upon  the  Gram-negative  free-living  nitrogen 
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fixers  (Azotobacter)  or  symbiotic  nitrogen  fixers  (Rhizobium) 
or  upon  the  nitrate  and  sulfate  oxidizing  organisms  (Nitrosomonas, 
Nitrobacter,  Thiobacillus)  since  it  acts  mainly  upon  Gram- 
positive  organisms  and  Gram-negative  cocci.  However,  there 
are  no  specific  data  to  confirm  this  speculation, 

The  short  environmental  persistence of bacitracin  bioactivity 
precludes  long-term  toxic  effects  from  environmental  residues, 
in  any  event, 

A.2.1.5.2. Drug  Resistance 

Resistance  to  bacitracin  has  not  been  observed  on  bacterial 
plasmids. A chromosomal  mutation  may  occur in vitro  but  is 
rarely  found in  vivo  (Szybalski  and  Bryson,  1952;  Stone, 
1949). In  studies  carried  out  for  FDA  by  industry,  as 
well  as  in  scientific  literature,  the  use of bacitracin  in 
feeds  given  to  swine  or  chickens  did  not  mediate  a  change  in 
the  resistance  patterns of E. coli  or  Salmonella  populations 
to  Gram-negative  antibiotics  used in  human  medicine  (Animal 
Health  Institute, MF 3596,'  letter  to  FDA  9-27-76). 

A.2.2. Tylosin 

In  veterinary  medicine,  t:ylosin  has  been  used  for  growth 
promotion  at  subtherapeutic  levels  and  (at  therapeutic  levels) 
to  control  chronic  respiratory  disease of chickens  due  to 
Mycoplasma  gallisepticum  and  experimental  coccidial  infections. 
It is  also  used,  at  subtherapeutic  levels,  to  prevent  vibrionic 
dysentery  of  swine  and for production  efficiency. It is  not 
used in human  medicine. 

A.2.2.1. Chemical  and  Physical  Properties 

Tylosin (M.W.=16.14) is  a  macrolide  antibiotic  produced  by  the 
fungus,  Streptomyces  fradiae. Its structure is similar  to 
that  of  other  macrolides, e.g., erythromycin  and  oleandomycin. 
Macrolides  consist  of  a  large  lactone  ring,  a  ketone  group  and 
a  glycosidically  linked  amino  sugar.  They  are  basic  with pKa 
values  between 6.0  and 9.10. 

Tylosin  is  soluble  in  common  organic  solvents  and  moderately 
soluble  in  water  (at  25OC, 5000 ppm), varying  inversely Crith 
temperature.  Lipid/water  partition  coefficients  could  not  be 
found.  With  mild  acid  hydrolysis,  desmycosin  and a sugar,  my- 
carose,  are  produced.  Desmycosin  is  also  microbiologically 
active  (MADA 12-491, Summary  Nov.9, 1960; Merck  Index,  9th 
Ed.,  1976). 
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Figure  A-9.  Tylosin  Structure  (Merck  Index,  9th Ed.). 

Tylosin  is  stable  at  pH 4. to 9. Below pH 4, the  bioactive 
desmycosin  is  formed  as a. decomposition  product.  Tylosin 
reacts  with  mineral  and  otrganic  acids  forming  water-soluble 
crystalline  salts  (NADA  12-491,  Summary,  Nov. 9, 1960). 

A.2.2.2. Spectrum  of  Antibacterial  Activity 

Tylosin  is  active  against  Gram-positive  bacteria,  including 
mycobacteria. As with  other  macrolides,  the  mechanism  of 
action  is  through  interfe.rence  with  the  function  of  the 50s 
ribosome  subunit  in  protein  metabolism. 

MICs range  from 0.05 ug/d for  some  Mycoplasma to 3-50 ug/ml 
for  Pasteurella.  Bacteria  "very  sensitive"  to  tylosin  include 
Salmonella  typhimurium  resident  in  the  intestines  of  chickens 
and  pigs  were  not  affected  by  orally  administered  subtherapeutic 
doses  of  tylosin  (Smith  and  Tucker,  1975a;  Kobland  and  Gustafson, 
1977;  NADA  41-275, .A 4-15-74  submission).  Corynebacterium  and 
Clostridium, Spherophorus-necrophorus, Erysipelothix,  Moraxella, 
Staphylococcus,  Streptococcus,  Neisseria  and  Mycobacteria 
(Data  provided  by  Elanco, EIAR, NADA  12-491,  Nov. 3,  1977). 
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A.2.2.3. Introduction  into  the  Environment 

A.2.2.3.1. Manufacturing  Wastes 

Tylosin  is  a  fermentation  product  and  could  be  expected  to 
p.roduce  the  same  types  and  quantities of wastes  as  listed 
for  penicillin.  The  degree  to  which  these  wastes  enter  the 
environment  depends  upon  treatment  methods  employed  by  the 
manufacturer. No data  were  submitted  by  the  manufacturer 
addressing  this  issue. 

A.2.2.3.2. Occupational  Exposure 

Macrolides  such  as  tylosin  commonly  show  cross-sensitivity; 
i.e. to  erythromycin.  Probably  since  tylosin  is  not  used  to 
treat  diseases  of  man,  no  studies  could  be  located  which 
discuss  its  potential  for  causing  hypersensitivity  reactions 
in  humans.  Contact  allergy  to  tylosin  has  been  reported 
during  dairying  (Kraemer -et al,  1976)  and  after  preparation 
of  injections  by  veterinarians  (Hjorth  and  Weismann,  1973). 
Data on tylosin  residues  in  meat  and  poultry  were  not  avail- 
able  from  USDA  publications.  Therefore,  we  cannot  estimate 
the  degree  of  consumer  exposure,  if  any,  to  tylosin  residues 
in  foods. 

A.2.2.3.3. Introduction  through  Excretion 
and  Metabolism  by  Target  Animals 

Tylosin  is  poorly  absorbed  from  the  gastrointestinal  tract, 
in  comparison  to  injection  sites.  After  absorption,  it  is 
excreted  by  the  kidneys  and  liver,  being  concentrated  in  the 
urine  and  bile.  Between  7%  and  76%  of  the  oral  tylosin 
administered (100 mg/kg  feed)  to  chickens  is  excreted  intact 
and  is  present  in  both  feces  and  urine  in  surgically  prepared . .  

birds  within  the  first 8 hours  (Berkman  et  al, 1960). 
On  oral  administration  to  swine,  a  maximum  of  67%  tylosin  was 
recovered,  primarily  in  feces,  with < 1% in  urine.  Upon  oral 
administration  to  cattle, 40% was  excreted  through  the  large 
intestine.  According  to  data  submitted  by  the  drug  sponsor, 
the  microbiological  activity  of  excreta  after  oral  administration 
of drug  was:  chickens - 28%;  swine - 28.6%  and  cattle -~32%. 
This  figure  is  based  upon  actual  bioassay  rather  than  chemical 
measurement  (Tylosin  EIAR.,  Elanco  11/3/77) . 

A.2.2.4. Fate  in  the  Environment 

A.2.2.4.1.  Persistence  and  Degradation 

Aqueous  solutions of tylosin  are  stable  at  pH 4 to 9 (Merck 
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Index,  9th Ed). No s tudi .es  were submitted by the  drug  sponsor  
o r   f o u n d   i n   t h e   l i t e r a t u r e  which  examine d i r e c t l y   t h e   p e r s i s t e n c e  
or   degradat ion of t y los in   i n   r ep resen ta t ive   env i ronmen ta l  
condi t ions.  The p a r t i a l  loss of t y l o s i n   b i o a c t i v i t y   t h a t  
o c c u r s   i n   t h e   g u t  of ta rge t   an imals   sugges ts   tha t   the  compound 
is b iodegraded   fa i r ly   rap id ly   under   condi t ions   favorable   for  
growth  and  reproduction od s o i l  microbes. It is not  known 
whether   tylosin is degraded by l i g h t .  Although t h e   t y l o s i n  
EIAR (E lanco   11 /3 /77 )   d i scusses   s t ab i l i t y   i n   such   subs t ances  
as canned mushrooms, shark  l iver  o i l ,  and  minced f i sh ,   no   da t a  
are given on p e r s i s t e n c e   i n   s o i l .  

A.2.2.4.2. Mobi l i t y   i n   t he  Environment 

Pinck,  Soulides,   and  Allison  (1962)  studied  the  mobili ty  in 
s o i l  of two macrolide  drugs  (erythromycin  and  carbomycin) 
s t r u c t u r a l l y  similar t o   t y l o s i n .  It was found t h a t   t h e s e  
macrolides are adsorbed to   mon tmor i l l on i t e   c l ay ,   bu t   on ly   i n  
trace q u a n t i t i e s   t o   k a o l i n i t e  and vermicul i te   c lays .  We 
bel ieve   tha t   these   da ta ,   t ak ing   in to   account   the   modera te  
water s o l u b i l i t y  of t y los in ,   sugges t   t ha t   t y los in  is mobile 
t h rough   kao l in i t i c  and  vermicul i te-containing  soi ls .   Soi ls  
containing  montmoril lonite  clay  probably  adsorb  and a t  least  
p a r t i a l l y   r e t a i n   t y l o s i n .  

A.2.2.4.3. Bioaccumulation 

No da ta  are ava i lab le   about   ty los in   b ioaccumula t ion   in   p lan ts  
or an imals ,   e i ther   in   submiss ions  by the   i ndus t ry   i n   r e sponse  
t o  FDA's Call  for  Environmental   Information  (42 FR 27264) o r  
i n  a l i t e ra ture   search   conducted  by the  FDA. I f   t y l o s i n  is 
rapidly  degraded by microorganisms, as the   l imi t ed   da t a  above 
suggest ,   then i t  could  be  concluded  tht  long-term  bioaccumulation 
of ty los in   res idues , in   the   envi ronment  would not   be   l ike ly .  

A.2.2.5. Environmental   Effects 

A.2.2.5.1. Tox ic i ty   t o  Non-pathogens 

Reviews of t h e   t o x i c i t y   o f . t y l o s i n  t o  humans could  not  be 
loca t ed   i n   t he   l i t e r a tu re ,   p robab ly   because   t y los in  i s  not  
used i n   t h e   U n i t e d   S t a t e s   t o  treat d i seases  of man. The'acute 
t o x i c i t y  of t y l o s i n  for various  laboratory  animals  has  been 
inves t iga ted .  The LD f o r  rats which r ece ived   t y los in  
o r a l l y  was more than &O mg/kg body weight. Diets containing 
ty los in   base  up t o  l%were w e l l  t o l e ra t ed  by rats f o r  2 
years .  Growth was nofmal  'and  no visceral or   haematopoiet ic  
damage w a s  produced.  Reproduction  and  lactation  studies 
through  three  generat ions of rats showed no a l t e r a t i o n s   i n  
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growth  or  viability  at  a  concentration  of 1% in the  diet. 
In an  attempt  to  produce  toxic  effects,  diets  containing 
levels  of 2 and 5% tylosin  were  well-tolerated for 2 years 
(Anderson  et  al, 1966). 

Table A-XI11 (Berkman et,&, 1960) compares  acute  oral  toxicity 
(LD50)  of  tylosin  to  several  other  antibiotics  in  various 
specles.  Tylosin  has  a  wide  margin  of  safety in  all  species 
studied  and  compares  very  favorably  with  most  other  antibiotics. 

TABLE' 'A-XI11 
50 Acute  Oral  Toxicity (ILD ) of  Several  Antibiotics,(mg/kg) 

Antibiotic Animal 
Mouse  Rat  Dog  Chicken  Guinea  pig 

Tylosin  base  >5000 >5000 >800 2122 
Tylosin  tartrate >6200  >6200 5400 >loo0 
Chlortetracycline 1500 >3000 750 
Oxytetracycline 6696 

7200 
Streptomycin 9000 
Penicillin  Essentially  nontoxic  except in guinea  pigs 
Bacitracin >3750 

Subacute  toxicity  studies  in  chickens  have been carried  out to 
substantiate  the  data  available  from  laboratory  animal  studies. 
Tylosin  was  administered in the  feed  to  one-day-old,  unsexed 
White  Rock  chickens  at  levels  of 200, 500, 1000, and 3000 
g/ton  and  continued  for  four-and-one-half  months. No abnormal 
blood  values  were  found.  All  tissues  were  grossly  and  micro- 
scopically  normal  (Berkman.  et  al, 1960). 

Studies  designed to demonstrate  the  possible  chronic  toxicity 
of  metabolic  products  of  tylosin  formed  during  food  processing 
in  canning  revealed no effect on growth  of  rats  nor  any 
visceral  damage  (Anderson  ,et  al, 1966). 2-Year  studies  in 
dogs  showed  that  doses  up  to 100 mg/kg  bd.  wt./day,  equivalent 
to 4000 ppm  of  the  diet,  produced no visceral or haematopoietic 
damage. No alteration  in  the  fecal  flora  was  found.  Higher 
daily  doses  of 200 mg/kg  were  well-tolerated  for  2  years  with 
one  of  four  dogs  showing  mild  kidney  effects. Of four  dogs 
that  received 400 mg/kg/day  for  over 2 years;one  revealed 
mild  kidney  damage.  Serum  levels  of  tylosin  in  dogs  were 
detectable  at  a  dietary  level  of 10 mg/kg  body  wt/day  and  were 
quite  high  after  larger  doses.  There  was 'no evidence  of 
accumulation  in  the  serum  after 2 years.  The  no-effect  level 
in  rats  was 10,000 ppm 'or higher,  and in  dogs, 4000 ppm 
(Anderson  et  al, 1966). 
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Limited  data  could  be  found  in  the  literture  about  the  effects 
of  tylosin  on  invertebrates.  In  one  study,  the  female  codling 
moth  was  found  to  have  egg-laying  reduced  significantly  by 
tylosin  at  1200  ppm  in  feed  (Harries, 1967). Tylosin  has  been 
used  for  control of American  foulbrood  disease  (Bacillus 
larvae)  in  honeybees by  either  gorging  in  tylosin-syrup or' 
dusting  with  tylosin  powder  (Hitchcock  et  al, 19701, without 
toxic  effects.  At  concentrations  between 25 and 50 ug  per m l  
(ppm),  Ebringer (1965) reported  tylosin  to  have  a  bleaching 
effect  on  chloroplasts' of Euglena  gracilis,  a  unicellular 
alga. No detrimental  effects  were  seen  on  rumen  protozoa  by 
Purser  et a1 (1965). 

Tylosin  (Lilly  Serial No. 27892) was  evaluated  as  a  potential 
herbicide  in 1970. Tylosin  showed  no  activity  at 15 lblacre 
when  applied  preemergence  or  postemergence  to  tomato,  crabgrass, 
and  pigweed  (Tylosin  EIAR,  Elanco, 11/3/77). 

A.2.2.5.2. Microbial  Resistance  to 
Tylosin 

Plasmid-mediated  resistance  to  macrolides,  such  as  tylosin,  in 
Staphylococcus  aureus  and  Streptococcus  pyogenes  occurs 
through  production  of  enzymes  which  catalyze  methylation  of 
the  23s  ribosomal  ribonucleic  acid,  a  component of the 50s 
ribosome. This is  also  the  site  of  action for lincomycin 
and  for  the  streptogramin  B-type  antibiotics,  including 
virginiamycin  (Clewell  and  Franke, 1974; Weisblum, 1975; 
Yagi  et  al, 1975; Courvalin  et  al, 1972,  1974). In  some 
resistant  bacteria  (MLS-type),  none  of  these  antibiotics  can 
bind  to  the 50s ribosome  and  prevent  protein  synthesis. 
Therefore,  the  bacteria  are  not  inhibited. 

The  enzymes  giving  MLS-type  resistance  to  macrolides  are 
inducible  by  erythromycin  (produced  only  after  exposure 
to  drug),  but  often  macrolide  resistance  is  constitutive 
(always  present).  Macrolide  resistance  is  being  found  with 
increasing  frequency  in  human  clinical  isolates  (Dixon  and 
Lipinski, 1974; Ubukata et: al, 1975). However  cross-resistance 
of  tylosin  with  erythromycin  (also  a  macrolide)  is  frequently 
incomplete. I n  one  study, 5% of  erythromycin-resistant 
staphylococci  were also resistant  to  tylosin  (Knothe, 1977). 
The  plasmid  bearing  the MIS resistance  gene  has  been  transferred 
(Gedek, 1976). When  erythromycin  resistance  plasmids  occured 
on Group D Streptococcus  in  dogs,  there  was  a  temporary  change 
in  the  (phage)  type  of  Streptococcus  present,  and  the  normal 
drug-sensitive  flora  reoccurred  subsequent  to  use  of  drug 
(Silver  et  al, 1977). 
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The eva lua t ion  of data  submitted  under 21  CFR 554.15 i n d i c a t e s  
tha t   the   combina t ion  of- tylosin-sulfamethazine  in   swine  feed 
r e s u l t s   i n   t h e   s e l e c t i o n  of sulfonamide  and  tetracycline- 
r e s i s t a n t  E. co.li., The rwaluation of ty los in   used   a lone  is not  
yet  completed (5/1/78). 

A. 2.3. Virginiamycin 

A.2.3.1. Chemical  and  Physical  Properties 

Virginiamycin is a depsipept ide which is chemica l ly   re la ted  to 
streptogramin  and  pristiaamycin  and acts pr imar i ly  upon Gram- 
posi t ive  bacter ia .   Virginiamycin is used  only i n  swine. It is 
produced by a mutant of the  fungus,   Streptomyces  virginiae (Van 
Dijck,  1969). Virginiamycin is a mixture of two p r i n c i p a l  com- 
ponents  (Factor S and Factor M ) which act  s y n e r g i s t i c a l l y ,  
a cyc l i c   pep t ide  and a macrocyclic  lactone  (Figure A-10). 1 

vliginlanycln MI 

Figure A-10. St ruc tu re  of Virginiamycins S and M1 (Merck Index, 9th Ed.). 1 
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Virginiamycin is sparingly  soluble  in  water  and  dilute  acid. It 
dissolves  in  aqueous  alkali  (above  pH 9.5), with  rapid  inactivation. 
At  slightly  alkaline  pH,  virginiamycin was  more  than 50% degraded, 
during  one  day  at  ambient  room  temperature,  Virginiamycin  EIAR, 
3/15/78, Smith-Kline Animal Health  Products). The  individual  com- 
ponents  are  both  very  solluble in  octanol,  chloroform  and  other  non- 
polar  solvents  and  practically  insoluble in water  (Merck  Index,  9th 
Ed.; Virginiamycin  EIAR,  Smith-Kline, 3/15/78). 

A. 2.3.2. Spectrum  of  Activity  and  Mechanism of 
Act  ion 

Virginiamycin  factors  M  and S exhibit  bacteriostatic  activity 
separately,  but  in combmation?  are  bactericidal,  Virginiamycin 
binds  to an  acceptor  site  on  the 50s ribosome,  thus  interfering  with 
peptide  formation  in  protein  synthesis  (Virginiamycin  EIAR,  Smith-Kline, 
3/15/78). 

1 

Minimum  inhibitory  concentrations  of  virginiamycin  for  a  number  of 
bacteria  (Van  Dijck, 1969) are  shown  in  Table  A-XIV. 

Table  A-XIV 
In  vitro  Minimal  Inhibitory  Concentrations  (MIC)  of  VirPinia- 

mycin. in ug/ml  (ppm) 
Organism  MIC of virginiamycin 

Staphylococcus  aureus 0.2 
Sarcina  lutea 0.03 
Streptococcus  pneumoniae 0.07 
Streptococcus  faecalis 15 
Corynebacterium  xerosis 0.03 
Hemophilus  pertussis 0.4 
Neisseria  meningitidis 0.1 
Clostridium  welchii 0.5 
Bacillus  subtilis 0.04 
Lactobacillus  acidophilus, 0.5 
Escherichia  coli 
Proteus  mirabilis 
Pasteurella  pestis 
Shigella  flexneri 
Brucella  abortus 
Mycobacterium  tuberculosis 
Candida  albicans 
Trichomonas  vaginalis 
Mycoplasma  gallisepticum 
Leptospira 
Trichophyton  mentagrophytes 8410 
Treponema  hyodysenteriae 

100 
100 
3 

100 
75 
1 

100 
100 
0.005 
0.002 

0.65 
400 
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A.2.3.3. Introduction  into  the  Environment 

A.2.3.3.1. Manufacturing  Wastes 

Virginiamycin  is  manufactured in Belgium.  The  manufacturer 
stated  and  certified  that:  (1)  the  drug  is  produced  by  a 
fermentation  process  in  which  wastes  are  minimized; (2) their 
disposal  is  in  accordance  with  local  and  provincial  requirements; 
(3) blending  and  preparation of fjlnished  formulations  comply 
with  all U.S. local  and  state  requirements  for  waste  water  and 
air  effluent  emissions  (Virginiamycin EIAR, 3/15/78,  Smith 
Kline  Animal  Products).  Although  the  manufacturer  did  not 
identify  the  wastes  being  produced,  we  believe  them  to  be 
similar  to  those  described  for  fermentation  procedures  under 
penicillin. 

A.2.3.3.2. Occupational  Exposure  and 
Tissue  Residues 

No  data  were  submitted  by  FDA in  response to its  Call  for 
Information (42 FR  27264)  and  no  data  could  be  found in the 
literature  on  occupational  exposures  and  hypersensitivity 
reactions  associated  with  virginiamycin. 

There  are  little  or  no  tissue  residues  in  medicated  target 
animals,  even  without  withdrawal  before  necropsy  (Nouws, 
19741,  perhaps  due  to  poor  absorption  of  the  complex  molecule. 
It is therefore  probable  that  consumer  exposure  to  tissue 
residues  of  virginiamycin in  foods  is  very  rare. 

A.  2.3.3.3. Metabolism  and  Excretion 
by  Target  Animals 

Virginiamycin  is  highly  lipophilic.  Surprisingly, it is 
poorly  absorbed  across  the  gut  wall. It is  decomposed  in  body 
tissues  and  fluids.  There is only  negligible  urinary  excretion, 
and no residues  could  be  detected in swine  tissues,  even 
without  a  withdrawal  period,  upon  administration of 170.5  ppm 
in feed  (Di  Cuollo et&, 1973). Metabolites  have  not  been 
identified,  although  derivatives  have  been  prepared  (Janssen 
- et -9 a1 1977). 

. 

Fecal  concentrations  of  virginiamycin in swine  range  from. 0 to 
31%  of  the  feed  concentration.  The  concentration  of  virginiamycin 
resulting  from  the  incorporation  of  fresh  excreta  from  medicated 
swine  into  agricultural  soils  was  estimated to be  0.035  ppm 
(Virginiamycin  EIAR,  Smith-Kline,  3/15/78). 
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A.2.3.4. Environmental  Fate 

A.2.3.4.1. Pers i s tence  

When virginiamycin is mixed with  swine  feces and s o i l ,  89% of 
t h e   i n i t i a l   c o n t e n t  is inac t iva t ed   w i th in  18 days  and  none was 
d e t e c t a b l e   a f t e r  84 days.   Similar   resul ts  were obtained a t  
ambient room temperature  fresh  feces  (Virginiamycin EIAR, 
Smith-Kline, 3/15/78). 

I n  a study  designed t o  examine the  rate of virginiamycin 
i n a c t i v a t i o n   i n  water, v i rg in iamycin   ac t iv i ty   dec l ined  25-37% 
a t  room temperature  and 59% a t  37OC i n  22 hours.  After 48 
hours   virginiamycin  act ivi ty   had  decreased 53% a t  room temperature 
and 69% a t  37OC (Virginiamycin EIAR, Smith-Kline, 3/15/78). 

A.2.3'.4.2. Bioaccumulation 

Absorption of v i rg in iamycin   across   l ip id  membranes i n  swine 
and  chickens is considered  to  be  minimal  due  to i t s  high 
molecular  weight  and  configuration  despite i ts i n t r i n s i c  
l ipophi l ic   nature   (Virginiamycin EIAR, Smith-Kline, 3/15/78). 
No bioaccumulat ion  s tudies  were performed on p l a n t s  and 
non-target  organisms i n  submissions  to FDA, however, the   rap id  
i n a c t i v a t i o n  of the  drug i n  s o i l  and water (A.2.3.4.1.) 
indicates   that   b ioaccumulat ion would not  be a long-term 
problem. 

- A.2.3.4.3.  Mobility 

We be l i eve   t ha t   t he  low water s o l u b i l i t y  and   h igh   l ipophi l ic i ty  
of virginiamycin  suggest   that  i t  may be  adsorbed  s t rongly  to  
s o i l   c l a y   p a r t i c l e s  and to   o rgan ic  matter. Rapid i n a c t i v a t i o n  
of v i rg in i amyc in   i n   so i l ,  as ci ted  above,  would prec lude   la rge  
scale mobil izat ion of virginiamycin  residues  from  animal 
excreta .  

A.2.3.5. Environmental  Effects 

A.2.3.5.1. Toxic  Effects on Non-pathogens 

The o r a l  LD of virginiamycin is greater   than 1500 mg/kg 
i n  mice. TAree-month c h r o n i c   t o x i c i t y   s t u d i e s   i n  rats and 
beagles  a t  th ree   o ra l   dose   l eve l s  showed  no s igns  of t ox ic i ty ,  
no r   d id   l a rge   s ing le   o ra l   doses  (1600 mg/kg body wt) i n  swine, 
o r   chronic   adminis t ra t ion  of 500 mg/kg doses of swine  for  90 
days  (Virginiamycin EIAR, Smith-Kline, 3/15/78). 
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Potent ia l   tox ic i ty   o f   v i rg in iamycin   to   p lan ts ,   inver tebra tes ,  
and non-mammals has  not  been  examined i n   s t u d i e s   s u b m i t t e d   t o  
FDA by the  drug  sponsor .  We be l i eve   t ha t   t he  low q u a n t i t i e s  
excre ted   f rom  ta rge t   an imals ,   the   shor t   ha l f - l i fe  of the   d rug  
i n   s o i l  and water, and   the  low mammalian t o x i c i t y  of the  drug 
preclude  long-term  toxic   effects   in   the  environment .  

Virginiamycin may a f f e c t   i n t e s t i n a l   m i c r o b i a l   p o p u l a t i o n  
i n  medicated  target  animals.  After chronic   ad in in is t ra t ion   to  
swine,   there  were s l i g h t   i n c r e a s e s   i n   c o l i f o r m s  and enterococci ,  
a l t h o u g h   l a c t o b a c i l l i  andl c l o s t r i d i a  were eliminated  (Decuypere 

found tha t   feed ing   v i rg in iamycin  a t  10 or 100 mg/kg f eed  
(10-100 ppm) d id   no t   in f luence  or on ly   s l i gh t ly   i nc reased  
t h e  amount  of 2. typhimurium  excreted i n  medicated compared 
t o  non-medicated  chickens;.  According t o  Kobland  and  Gustafson 
(American Cyanamid EIAR s,ubmission of Ju ly  25,  1977,  Docket 
#77N-0152) i n  a 2 week st.udy a t  100 g/ton  (110 ppm), v i rg in i a -  
mycin s igni f icant ly   increased   the   spread  of 2. typhimurium 
from two seeded   ch ickens   to  14 of 14   ch ickens   whi le ,   in  
cont ro ls ,   spread  was t o  8/14  contact  chickens (pC0.05). No 
support ing raw d a t a  were submitted, however. In c o n t r a s t ,  
a 60-day study  submitted by Smith  Kline (May 17,  1974, 
NADA 91-467) i n d i c a t e s   t h a t   t h e r e  i s  no increase i n  ra tes  o r  
numbers of Salmonel la   shed  in   infected  swine  given 55 ppm 
vi rg in iamycin ,   agree ing   wi th   the   resu l t s  of Smith  and  Tucker 
(1975a) i n  chickens. We be l i eve   t ha t  i t  seems reasonable  
t h a t ,  when s u f f i c i e n t  Gram-positive  organisms are i n h i b i t e d   o r  
k i l l e d ,   t h e r e  may indeed  be a temporary i n c r e a s e   i n  Gram-negative 
organisms  which  equilibrates  with tlme. 

- et  -3 a1 1973).  Smith  and  Tucker  (1975a), i n  a 60  day  study, 

T Q j a z a  pgesented  in   Table  A-XIV and t h e   p e r s i s t e n c e   d a t a  
repor ted  earlier sugges t   tha t  some Gram-pos i t ive   bac te r ia   in  
so i l s   r ece iv ing   exc re t ed   v i rg in i amyc in   r e s idues  would be 
temporar i ly   inhibi ted.  

A.2.3.5.2. Drug Resis tance 

Streptococcal   and  s taphylococcal   cross-resis tance  occurs  
between  virginiamycin  and  other   s t reptogramin  ant ibiot ics  
(De Somer and Van Dijck,  1955).  Erythromycin  resistance-has 
been shown to   c ros s - r eac t   w i th   t h i s   t ype  of  streptogramin-B 
re s i s t ance ,  as well as wi th   res i s tance  t o  lincomycin  and 
clindomycin ( C l e w e l l  and  Franke,  1974;  Yagi e t  a l ,  1975; 
Courvalin et a, 1974).  Although t h i s  plasmid-mediated (MLS) 
cross- res i s tance  may be  induced by erythromycin, i t  is o f t e n  
p r e s e n t   i n i t i a l l y   ( c o n s t i t u t i v e )  and is being  found  with 
increas ing   f requency   in   c l in ica l   spec imens   abroad  (Dixon  and 
Lip insk i ,  1974;  Ubukata e t  a l ,  1975). MLS re s i s t ance   has  been 
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t r a n s f e r r e d  by bac ter iophage   in   l abora tory   cu l tures  (Malke, 
1975; Ubukata e t  a l ,  197.5). Stud ies   ca r r i ed   ou t   i n  FDA l a b s  
show the  product ion of plasmid-mediated  erythromycin resis- 
tance i n   e n t e r o c o c c i  of b e a g l e s   f e d   v i r g i n i a m y c i n   ( S i l v e r ’ s  

of  drug  and were replaced by the  normal  Streptococcus  phage 
type  which is s e n s i t i v e  t o  macrolides.   Staphylococci  present 
i n   t h e   i n t e s t i n a l  tract are u n l i k e l y   t o   t r a n s f e r  resistance t o  
other  organisms. 

-9 a1 1976). These  enterococci  disappeared upon d iscont inua t ion  

A.2 .4 .  Carbadox 

Carbadox  (methyl 2-quinorralinylemethylene-carbazate-1, 
4 dioxide)  is a feed   addi t ive   used   to   cont ro l  swine dysen- 
t e r y   a n d   b a c t e r i a l   e n t e r i t i s  and t o   i n c r e a s e  rate of  weight 
gain  and  improve  feed  efficiency. More r e c e n t l y   t h e   l i t e r a t u r e  
r e p o r t s  i ts a c t i v i t y   a g a i n s t  Treponema hyodysenteriae  (Williams 
and  Babcock, 1976). It is not  used in humans. 

A.2.4.1. Chemical and Phys ica l   Proper t ies  

Carbadox c o n s i s t s  of   minute ,   gel low  l ight-sensi t ive  crystals  
with a melt ing  point  of 239.5 C-240 C. It is p r a c t i c a l l y  
i n s o l u b l e   i n  water. It is soluble  in  chloroform-methanol 
(Thorpe, 1976). Carbadox s t r u c t u r e  is depicted in Figure  A-11. 
It is synthesized  through a complex, patented,  chemical 
process. 

6 

0 
t 

0 

Figure A-11. Carbadox S t ruc tu re  (Merck Index, 9th Ed;). 

A . 2 . 4 . 2 .  Antimicrobial  Spectrum 

Carbadox a c t s  on both  Gram-negative  and  Gram-positive  organisms 
through  in te r fe rence   wi th  DNA synthesis .  The i n  v i t r o  a c t i v i t y  
of carbadox is compared wi th   tha t  of oxytetracycl ine  and 
s t reptomycin  in   Table  A-XV. 



A-87 

Table  A-XV 

MICs of Carbadox  Compared  to  Oxytetracycline  and 
Streptomycin 

Organism  MIC  (ug/ml) 

Carba-  Oxytetra-  Strepto- 
dox  cycline  mycin 

Escherichia  coli (266).. 25 1.09 
Escherichia  coli (6)  12.5 - 
Proteus  vulgaris 25 >loo 
Aerobacter  aerogenes 12.5  2.90 
Salmonella  typhosa 50  3.12 
Salmonella  typhosa (1)  12.5 - 
Pasteurella  multocida 12.5  0.47 
Pseudomonas  aeruginosa 12.5  6.25 
Shigella  sonnei ( 1 )  . 12.5  4.90 
Shigella  sonnei (4)  1.6 - 
Shigella  flexneri ( 1 )  6.25 - 
Streptococcus a. (A2) 12.5 - 
Streptococcus  pyogenes 50  0.07 
Staphylococcus (66) 12.5  0.05 
Staphylococcus  aureus  (A/R) 25 >loo 
Mycobacterium  tuberculosis- (H R ) 3.2-6.2 37 v 

- 
(NADA 41-061, Vola 1 ,  p.22) 

3.16 - 
50. 

3.12 
3.12 

- 
50. 

1.56 

- 
1.56 

50 
100. 

A.2.4.3. Introduction  into  the  Environment 

A.2.4.3.1. Manufacturing  Wastes,  Occupational 
Exposure,  Tissue  Residues 

Although  these  data  were  requested  in FDA's Call  for  Environmental 
Information (42 FR 27264), no  data  were  submitted  by  the  drug  spon- 
sor  on  the  quantities  and  types of wastes  entering  the  environment 
as  a  result  of  the  chemical  synthesis  and  preparation  of  marketed 
products  containing  carbaldox.  Data  were  not  submitted  which  would 
allow  as  determination  of  the levels of  occupational  exposure  to 
persons  involved in the  manufacture  and  use  of  feeds  containing 
carbadox.  In  light  of  the  Agency's  determination  that  carbadox  is 
a  carcinogen,  such  studies  would  be  highly  desirable  from  the  stand- 
point  of  worker  and  general  environmental  protection.  Consumer  ex- 
posure  to  carbadox  residues  in  pork  should  be  very  low,  since  the  FDA 
does  not  permit  any  residues of the  drug in  animal  tissues.  USDA 
enforces  this  ruling;  however,  we  could  locate  no  data  published  by 
USDA  to  indicate  the  numbers  of  samples  examined  for  carbadox  annually 
and  whether  any  residues  were  found. 
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A.2.4.3.2. Metabolism  and  Excretion by Tar- 
get  Animals 

Carbadox is metabolized i.n the  upper  gut of Swine i n t o   s e v e r a l  
metabol i tes ,  When swine were fed  50 mg/kg feed ,   there  was less 
than 0 . 1  %/kg (ppm) of a c t i v e  compound found i n  muscle, l i v e r  
o r   k i d n e y   a f t e r  24 hours. The l a t e r a l  methyl  carbazate  chain 
is broken  off  from  the  quinoxaline  carbaldehyde  2-dioxide-1,4- 
ringed  molecule. Each of these  components is fur ther   metabol ized 
(Ferrando  and Reynaud, 1969). 

L i t t l e  i n t ac t   d rug  is exc:reted,  according t o  chemical  and 
rad io t racer   s tud ies .   Nei ther   the   metabol i tes   nor   the i r  
breakdown products are active aga ins t   bac t e r i a .  However, 
s u f f i c i e n t  unchanged compound apparent ly   reaches   the   l a rge  
i n t e s t i n e   t o   a c t   a g a i n s t  Treponema hyodysenteriae  (Pearce  and 
Smith, 1975). There is also a s tudy   ind ica t ing   therapeut ic  
ac t iv i ty   aga ins t   exper imenta l   u r inary  tract i n f e c t i o n s  
(P ro teus   vu lga r i s )   i n  rats (Carbadox NADA 41-061, Vol. 11, 
p. 24-25). We bel ieve  t h . i s  i n d i c a t e s   t h a t  some active compound 
absorbed  across   the  gut  w a l l  is metabol ized  into its major 
metabol i te ,  quinoxaline-2-carboxylic acid.  The latter is a 
suspect  carcinogen which is depleted  from swine t i s s u e s   t o  
below 25 ppb i n  21 days. 

A.2.4.4. Environmental  Fate 

Data examining  the  persistence,   mobili ty  and bioaccumu- 
l a t i o n  of carbadox in   the  environment  were requested i n  t h e  
Agency's Notice of Intent  to  Propose  Rules  and Call f o r  
Environmental  Impact Data (42 FR 27264-27266) bu t  none were 
submitted by e i ther   the   d rug   sponsor   o r   genera l   publ ic .  

A.2.4.5. Environmental  Effects 

A.2.4.5.1. T o x i c i t y   t o  Non-pathogens 

Carbadox i s  a carcinogen (21 CFR 556.100 assay  methodology). 
Ferrando et a1 (1975) examined t h e   e f f e c t s  of swine  fed 
carbadox as a feed  supplement when ea ten  as pork by a second 
spec ies   ( labora tory  rats and  dogs) t o   s i m u l a t e   e f f e c t s  of 
i n g e s t i o n   i n  man. The meat  and/or  l ivers of the  swine were 
fed   da i ly   t o :   ( a )  rats f o r  a per iod of 3 generat ions;  (b) rats 
f o r  24-25 months,  and (c )   dogs   for  60 months. No abnormali t ies  
were observed a t  the  terminat ion of the  experiments.  

Carbadox  (about 5.8  g/kg body w t ) ,  adminis tered  to   chickens 
f o r  40 days,  inhibited  immunogenesis,  which was r e f l e c t e d  by 
lowering of antibody titre and gamma g lobul in  l eve l  a s  well as 
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a  variation  in  leukocytes  in  the  differential  white  blood  cell 
count  (Giurgea  et  al,  1976). 

Carbadox  has  been  tested  for  acute  toxicity  to  aquatic 
organisms:  the  alga  Chlorella  pyrenoidosa,  the  water  flea 
Daphnia  magna,  the  guppy  Lebistes  reticulatus  and  the  rainbow 
trout  Salmo  gairdneri. No toxicity  was  demonstrated  against 
these  four  test  organisms  at 30 ppm  (Canton  and  Van  Esch, 
1976) . 
Potted  oats  were  treated  with  manure  from  pigs  fed  carbadox. 
(Actual  excreta  concentrations  were  not  measured).  The  plants 
were  not  inhibited  in  biomass  production  compared  to  non-treated 
oats  (Tietjen, 1975). 

Based  on  the  data  in  Table  A-X,  it  would  appear  that  bacteria 
are  susceptible  to  acute  effects  of  carbadox  residues  at 
the  low  parts  per  million  level  in  the  environment.  Metabolism 
and  excretion  data,  although  limited,  suggest  very  low  ex- 
cretion of carbadox  by  target  animals  and  therefore,  low 
potential  for  effects  on  bacteria  or  higher  organisms. 

A.2.4.5.2. Drug  Resistance 

Kashiwazaki  et a1 (1972)  examined  752  antibiotic-resistant 
strains of E. coli  isolated  from  swine  and  found  variable 
sensitivity  to  carbadox  but  no  evidence of cross-resistance 
with  streptomycin,  tetracyclines  or  chloramphenicol. 

A.2.5. Lincomycin 

Lincomycin  is  a  feed  additive  used  in  chickens  for  growth 
promotion  and  in  swine  for  treatment  and  contol  of  swine 
dysentery.  Lincomycin  is  used  as  a  drug  of  second  choice  in 
humans  allergic to penicillin  where  other  substitute  drugs  are 
not  available  (Physicians  Desk  Reference,  1977). 

A.2.5.1. Physical  and  Chemical  Properties 

, 

Lincomycin  is  a  lincosami'de  antibiotic  produced  by  the  fungus 
Streptomyces  lincolnensis.  The  molecule  contains  a  basic 
functional  group (a pyrrolidine  nitrogen)  and  methyl  alpha- 
thiolincosamidine  (a  sugar  moiety).  Its  structure  is  shown  in 
Figure  A-12. 
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. -  

Figure A-12. Lincomycin Structure (Wilson et al, 1971) -"  
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The  lincomycin  hydrochloride  salt  used  to  manufacture  animal 
feed  premixes  is  freely  soluble  in  water  and  is  also  somewhat 
soluble in dimethylformamide  and  acetone. It is  soluble  in 
alcohol,  acids  and  bases,  and its aqueous  solutions  are  stable 
at  room  temperature.  It is slowly  degraded in acid  solutions. 
The  white  crystalline  sol.id is stable in the  dry  state  (Wilson 

dissociates  to  the  free  base,  which  is  less  stable  and  soluble 
in methanol,  ethanol,  butanol,  isopropanol,  acetone,  chloroform 
and  somewhat  soluble in water.  (Merck  Index,  9th Ed. 1977). 

- et -9 a1 1971). After  oral.  administration,  the  lincomycin  salt 

A.2.5.2. Spectrum of Activity  and  Action  Mechanism 

Lincomycin’s  activity is primarily  directed  against  Gram-positive 
bacteria  (Staphylococcus,  Streptococcus,  and  pneumococci  but 
not  enterococci).  It  also  includes  Veillonella  and  Bacteroides, 
the  latter  two  being  Gram-negative  anaerobic  bacteria.  Some 
Gram-positive  anaerobes,  such as Clostridia  (common  soil 
saprobic  organisms  with  occasional  pathogenic  effects in 
humans),  are  also  sensitive to lincomycin,  as  are  some  strains 
of  Mycoplasma  pneumoniae,  Actinomyces  and  Nocardia. MICs to  a 
variety  of  bacterial  pathogens  are  given in  Table A-I11 (A.1 .3 .2 .2 . ) .  

Lincomycin‘s  mechanism  of  action is via  inhibition of protein 
synthesis,  by  binding  to  the 23s subunit of the 50s ribosome 
(Weinstein, 1975) and  thereby  preventing  binding of RNA  and 
addition of amino  acids. 

A.2.5.3. Introduction  into  the  Environment 

A.2.5.3.1.  Manufacturing  Wastes 

The following  statement  regarding  the  wastes  resulting  from 
lincomycin  production  was  submitted  by  Upjohn,  the  sole 
manufacturer  of  the  drug  (Lincomycin EIAR, 8/1/77, NADA 
34-085) . 

I1 There  are  no  by-products  formed in the  manufacturing 
process.  This  is  a  noncontinuous  batch  process  scheduled 
on  an  intermittent  basis  throughout  the  year.  Dust  gener- 
ated in the  manufacturing  process  is  exhausted  through  an 
inertial  wet  collector.  Equipment is cleaned with--a vacuum 
cleaner  and  washed down with  water.  Waste  water  from  clean 
up  and  dust  collector  is  passed  into an underground  dry  well. 
Solid  waste  is  sent  to  the  Kalamazoo  land  fill  operation. 
The  total  operation,  including  solid  waste  and  waste  water 
disposal,  will  have  minimal  environmental  impact”. 
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A.2.5.3.2. Occupational  Exposure 

A case repor t  review and l i t e r a t u r e  review i n d i c a t e   t h a t  
adminis t ra t ion  of l incomycin  does  not   resul t   in  a s i g n i f i c a n t  
i n c r e a s e   i n   s e n s i t i z a t i o n   i n  humans 01: animals   regardless  
of t he   rou te  of administration  or  dosage  given.  There are 
no r e p o r t s  of   dermal   hypersens i t iv i ty   due   to   ex te rna l   contac t  
wi th   l incomycin ;   a l le rg ic   reac t ions  of . a l l  t y p e s  are .rare. 
Data are not   ava i lab le  on the   actual   l incomycin  exposure 
l e v e l s  of  workers  handling  the  drug  and  drug-medicated  feeds. 

. 

A.2.5.3.3. Tissue  Residues 

The l a c k  of   dectable   poul- t ry   t issue  res idues  ( i .e . ,   levels  
~ 0 . 1  ppm), even  while  chickens are st i l l  being  administered 
the  drug is feed,  would indicate   that   l incomycin  does  not  
accumulate i n  any  organ. The Agency has  no  knowledge of 
v i o l a t i o n s  of 21 CFR 556..360 to le rance   l eve ls   for   ch ickens .  
A s ix  day  withdrawal  period is required  fol lowing its u s e   i n  
swine  feeds. However, no   v io la t ions  of 21 CFR 556.360 to le rance  
levels   have  been  publ ished by USDA, t o   o u r  knowledge. 

A.2.5.3.4. Metabolism  and  Excretion 
by Target Animals 

Calcula t ions  by the  manufacturer (NADA 97-505 Research  Report 
524-9660-006, p .  181, March 7 ,  1974) i n d i c a t e   t h a t   b r o i l e r s  
consume 14 mg lincomycin  before  reaching  market  age. Assuming 
the  drug is t o t a l l y   e x c r e t e d   i n t a c t  and tha t   about  4 .2  pounds 
of manure are excreted  per  animal du r ing   t h i s   pe r iod ,   t he  
concent ra t ion  of lincomycin i n  manure  would be 6 . 6  g/ ton ,   o r  
less than 10 ppm., 

Swine excre te   about  3 ppm. lincomycin i n   u r i n e   a f t e r   b e i n g  
fed  l incomycin a t  100 ppm f o r  87 days. No absorpt ion by 
t i s sues   occu r s ,  so  the  remainder of t he   o ra l   dose  is ex- 
c re t ed   p r imar i ly  i n  t he   f eces  (NADA 97-505 Research  Report 
524-9660-006, p. 181, March 7 ,  1974). In  humans, a f t e r   o r a l  
administration,  l incomycin is rap id ly ,   bu t   on ly   pa r t i a l ly ,  
abso rbed   f rom  the   gas t ro in t e s t ina l   t r ac t ,   w i th   exc re t ion  of 5% 
i n   a c t i v e  form  through  the  urine  and  the.  remaining (65-80%) i n  
the  feces   (Weinstein,  1975). 

L 
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A. 2 .5 .4 .  F a t e   i n   t h e  Environment 

A.2.5.4.1. Persistence  and  Degradation 
i n   S o i l  and Water 

Lincomycin was added t o  lagoon  eff luent  a t  2 and 10 ppm and 
its disappearance rate measured. A t  10 ppm, no  lincomycin was 
de tec ted  39 d a y s   a f t e r   t h e   s t u d y  began. A t  2 ppm, lincomycin 
could  not   be  detected 26 d a y s   a f t e r  test i n i t i a t i o n  (NADA 
34-085, Lincomix, EIAR, August 1,  1977, Upjohn.Co.) 

Manure ( feces  + urine)   f rom a p ig   f ed  a d i e t  which  contained 
100 g of lincomycin  per  ton of feed was added t o  a Michigan 
c lay  loam s o i l  a t  a concentrat ion  equal  t o  normal  manure 
app l i ca t ion  rates for  farm  land  (normal rate of manure 
appl ica t ion   no t   spec i f ied  in study).  Another  sample  of  this 
s o i l  w a s  spiked  with 10 ppm lincomycin.  After  mixing  the 
manure  from the   med ica t ed   p ig   i n   t he   so i l  and   assaying   so i l  
per iodica l ly ,   wi th in   one .day  no  lincomycin  could  be  detected. 
I n   t h e   s o i l   s p i k e d   t o   p r o v i d e  a concentrat ion of 10 ppm 
lincomycin, a l l  lincomycin w a s  undetec tab le   in   e leven  weeks. 
Twenty percent   remained  af ter  7 weeks (NADA 34-085, Lincomix 
EIAR, August 1, 1977, Upjohn Co.). 

A.2.5.4.2. Mobility 

The fo l lowing   so i l   mob i l i t y   s tud ie s  were submitted by the  
manufacturer (NADA 34-085, Lincomix EIAR, August 1,  1977, 
Upjohn Co.). 

Lincomycin  was not  recove.red  from a column of a g r i c u l t u r a l  
sandy s o i l   a f t e r  one acre inch of water containing 200 ug of 
lincomycin was leached  through  the  soil.   Seventy-seven 
percent (77%) of the  200 ug  was recovered i n   e l u a t e s   c o l l e c t e d  
hour ly   fo r  20 hours. None w a s  recovered  from  the  lower 
qua r t e r  of t he  column. T h i s  shows t h a t  23% of the  l incomycin 
was ei ther   degraded  or   unrecovered and t h a t   t h e  rest of t h e  
drug  leached  rapidly  through  the  sandy  soil.   Using a c l ay  
loam s o i l ,  very l i t t l e  lincomycin  leached  through, 6 ug of 970 
ug,  but 818.1 ug w a s  recovered  from  the column. F i f t een  
percent  was degraded or not  recovered.  Lincomycin  did  not 
leach  through  sandy  loam s o i l   i n   a n   i d e n t i c a l   e x p e r i m e n t   b u t  
was d i s p e r s e d   i n   t h e   f o u r   q u a r t e r s  of t he  column. Sixt.y=four 
percent  (64%) of the  lincomycin was recovered  from  the column; 
36% was degraded  or  undetected. No lincomycin  leached  through 
muck s o i l  and  only 27.6% was recovered  in   the column. 

We bel ieve   tha t   these   Gtudies   ind ica te   tha t   l incomycin   mobi l i ty  
i n   s o i l s   i n c r e a s e s   e i t h e r  as clay  content  and organic  matter 



A-94 . 

decrease  or  as  soil  particle  sizes  increase. No studies  were 
submitted  that  determined  adsorption  isotherms  of  lincomycin 
for  various  clay,  organic:  matter,  and soil adsorbents,  which 
would  quantitate  1incomyc:in  adsorption  to  well-defined  soil 
components  and  either  coufirm  or  reject  thks  initial  hypothesis. 

A.2.5.4..3. Bioaccumulation 

Large  amounts  of  lincomycin  are  excreted  by  both  chickens  and 
swine.  Degradation  studies  indicate  that  complete  inactivation 
of  lincomycin  occurs  in  lagoon  effluent  studies  in about.6 weeks. 
Withdrawal  periods  for  the  drug  from  target  animals  are  short, 
since  lincomycin  does  not  accumulate  in  tissues.  Based  on  these 
data,  it  is  unlikely  that  long-term  bioaccumulation  in  animals 
occurs.  Short-term  bioaccumulation  would  be  possible,  especially 
in  light  of  the drug's  relatively  high  mobility  through  some  soils. 
No  studies  were  submitted.  or  could  be  located  in  the  literature 
that  specifically  examined  bioaccumulation  of  lincomycin  environ- 
mental  residues  by  plants,  invertebrates,  or  microorganisms,  however. 

A.2.5.5. Environmental  Effects 

A.2.5.5.1. Toxicity  to  Non-pathogens 

Toxicity  of  lincomycin  in  rats  and  chickens is very  low:  the  LD50 
values  in  rats  and  chickens,  respectively,  are  15811  mg/kg  body 
weight  and 17690 mg/kg  body  weight:  (NADA  34-085,  volume 5, 9/12/75 
submission,  Appendix 1). 

In  man,  oral  administration of  lincomycin  has  been  recorded  as 
responsible  for  severe  gastrointestinal  disturbances,  as  well  as 
minor  dermatitic  conditions.  Renal  or  neurological  abnormalities 
have  thus  far  not  been  reported  (Weinstein,  1975).  In  human  medicine, 
lincomycin  is  considered , a  drug of second  choice,  to  be  used  only  when 
penicillin is contraindicated. 

No  toxicological  data  are  available  for  other  organisms,  although 
these  data  were  requested  by  the  Agency's Call for  Environmental 
Information (42 FR  27264) ,. 

A.2.5.5.2. Drug  Resistance 

Plasmid-mediated  resistance  of  lincomycin  in  Streptococcus  pyogenes 
occurs  through  the  production of enzymes  which  catalyze  methylation 
of  the  23s  structuralcomponent  of  the 50s ribosome,  where  lincomycin 
exerts  its  action.  This is also  the  site of action  for  erythromycin 
and  strep-togramin-B  type  'antibiotics  such  as  virginiamycin;  cross- 
resistance  to  these  compounds  develops  along  with  lincomycin  resistance 
(Clewell  and  Franke,  1974).  Lincomycin  may also induce  increased  levels 
of bacterial  enterotoxin  production  through  an  unknown  mechanism  (Levner 
- et -9 a1 1977). 
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A.2.6. Bambermycins (Flavomycin) 

Bambermycins is used as .a  growth  promotant i n  both  chickens 
and  swine. It is not   used   in  human medicine.. 

A.2.6.1. Physical  and  Chemical P rope r t i e s  

Bambermycins is a flavophospholipol compound produced by 
cultures.of  Streptomyces  bambergiensis,  2. ghanaensis,  2. 
ederens is ,  S.  g e y s i r i e n s i g  and r e l a t e d   s t r a i n s .  

It is a phosphorus-containing  lipopolysaccharide  comprised 
of several   chemical ly  similar components  which inc lude  
var ious  sugars ,  a l ipid  port ion,   an  ul t raviolet-chromophore 
and  phosphorus  bound i n   e s t e r - l . i k e  form. The complex is 
chemical ly   separable   into components A, B , B2, and C, 
t he  B f r ac t ions   be ing   suscep t ib l e   t o   fu r the r  breakdown, 
Frac t ion  A is t h e  main  component with  the  approximate 
empirical   formula C H N 0 P with a minimum molecular 
weight  of  about 1706°(l&kl? tgdex,  9th Ed. 1, The hypothe t ica l  
s t ruc tu ra l   fo rmula  of bambermycins is shown i n   F i g u r e  A-13. 

- HU 3OMin. 

Figure-A-13.  Hypothetical  Structure of Bambermycins (NADA 44-759, 
Vol. 9, p. 1803). 
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Pure  bambermycins  is  a  colorless,  amorphous,  acidic  substance 
without  a  definite  melting  point.  It is readily  soluble  in  water 
and  polar  organic  solvents  (alcohols,  dimethylformamide,  ether 
and  ethyl  acetate)  but is almost  insoluble  in  nonpolar  solvents 
(benzene or chloroform). Its molecular  weight  is  between 68,000 
and  70,000  at  neutral  pH,  The  elementary  analysis  yields  48.5% C, 
7.3% H, 37.3% 0, 5.1% N,  and 1.,8% P.  It  is stable in neutral 
aqueous  and  methanolic  solutions,  and  slowly  decomposes  in  acid 
and  alkaline  solutions  (klerck  Index,  9th.  Ed,  1977;  NADA  44-759, 
Vol. 1, Page 092-093) . 

A.2.6.2. Spectrum  of  Activity  and  Mechanism 
of  Action 

Bambermycins is predominantly  effective  against  Gram-positive 
pathogenic  bacteria  such  as  Streptococcus  and  Staphylococcus 
with  minimum  inhibitory  values  in  the  range  of  0.001-0.05  ug/ml 
(ppm). It is  less  effective  against  Gram-negative  bacteria, 
with  the  exception  of  Pasteurella,  Brucella,  Listeria  and 
Erysipelothrix - all  zoonotic  agents.  It  has  no  activity  against 
fungi,  viruses,  protozoa,  and  helminths.  Bambermycins'  mechanism 
of  action is based  on  an  inhibition of the  biosynthesis  of  the 
bacterial  cell  wall (NADA 44-759,  Vol. 1,  Page  092;  Vol. 9, page  1874). 

A.2.6.3. Introduction  into  the  Environment 

A.2.61.3.1. Manufacturing  Wastes 

Production  is  carried  out  in  West  Germany.  There  is  no  information 
available  describing  release of  the  drug,  metabolites,  or  chemicals 
used  during  fermentation.  The  premix  formulation,  is  carried  out 
in  the  United  States  and  no  waste is discharged  in  blending  the 
premix in a  closed  system  according  to  the  drug  sponsor. 

A.2.6.3.2. Occupational  Exposure 

No data  were  submitted  by  the  drug  sponsor  in  response  to  the  Agency's 
Call f o r  Environmental  Information  (42 FR 27264)  which  indicate  the 
extent- of  occupational  exposure  to  this  drug  or  chemicals  associated 
with  its  manufacture  or  the  potential  for  human  hypersensitivity 
reactions to this  compound, 

A.2.6.3.3. Metabolism  and  Excretion  by 
Target  Animals. 

Excretion  and  tissue  distribution.  studies  in  both  chickens  and  swine 
(including  tracing  radioactive  bambermycins)  demonstrate  that  oral 
doses  of  bambermycins  are  not  absorbed  through  the  gut or metabolized; 
the  antibiotic  is  eliminated  unchanged  back  into  the  environment  in 
the  feces (NADA 44-759,  V01.2,  Summary,  Vol.  2,  103-109). 
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A.2.6.3.4.  Tissue  Residues 

. 

No bambermycins  residues  have  ever  been  detected  in  edible 
tissues  of  swine  or  pou1t:ry  without  massive  overdose  admini- 
stration. A tolerance  level  under 21 CFR 556 is  not  required, 

A.2.6.4. Environmental  Fate 

A.2.6.4.1. Degradation 

Bambermycins  is  probably  degraded  in  soil  by  a  number of 
microorganisms.  Inactivation  did  not  occur  in  sterile  soil. 
When 35 ppm  of  sterile  bambermycins  was  added  to  solution 
containing  soil  bacteria  degrading  bambermycins,  the  drug 
bioactivity  dropped  to  less  than 0.7 ppm  within 10 minutes  and 
had  completely  disappeared  in  less  than 2 hours.  With  higher 
concentrations (50-200 ppm), the  percent of degradation 
decreased  from 100% to 58%; bacterial  growth  inhibition  may 
have  been  responsible  (Bambermycins  EIAR, NADA 44-759, vol. 
10, p.  2122-2131). - 

Studies on degradation  of  bambermycins  in  swine  waste  lagoons 
conclude  that,  under  both  aerobic  and  anaerobic  conditions, 
the  onset  of  degradation of bambermycins  added  in  feces  is 
rapid  and  continuous (NADA 44-759, Bambermycins  EIAR,  Vol. 10, 
p. 2121). Studies  where  bambermycins  was  added to soils 
indicate  that  it  took 5-6 weeks  for 85% of  the  drug  to  be 
inactivated  (See A.2.6 .4 .3 . ) .  

A. 2.6, .4.2.  Mobility  in  Soil 

The  high  water  solubility of bambermycins  would  indicate  the 
drug  is  potentially  mobile  in  soils.  However,  water  solubility 
is only  one  factor  influencing  soil  mobility,  and  experimental 
data  are  needed  to  verify  this  conjecture. 

A.2.6.4.3. Bioaccumulation 

Specific  partition  coefficient  data  are  not  available  from 
which  potential  for  bioaccumulation  could  be  estimated.  High 
water  solubility  and  low  solubility  in  nonpolar  solvents  would 
suggest  low  probability  of  bioaccumulation.  Hoechst (NADA 
44-759, Bambermycins  EIAR, Vol. . lo,  p. 2121) examined  bamber- 
mycins’  potential  bioaccumulation  in  plants.  Five  kg  and 2.8  
kg of  chicken  excreta  containing  bambermycins  were  mixed 
in  both  sandy  and  clay  types of soil (200 kg-lots). 
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The  birds  had  received 128 mg of  bambermycins/kg  feed (128 
ppm). After  mixing,  the  initial  bambermycins  content  of  the 
soil  was 2.95 ppm  and 1.74 ppm  respectively, on a dsy  weight 
basis. The 200 kg soil  was  then  replaced  in  the 2m patch 
of  soil  which  had  been its source;  controls  without  drug  were 
also included.  Although  the  data  are  not  clear,  separate 
studies  were  apparently  done  for  different  fecal  concentrations 
and  for  different  soils  a.nd  clays.  Afte  one  week,  qormal 
non-pregerminated  barley  was sown in 1 m of  the 2 m2 of 
the  control  area  and  of  the  test  area,  the  other 1 m of 
each  remained  unplanted  (Figure A-14). 

1 

Control  Bambermycins 

Barley  Unplanted  Barley  Unplanted 

Figure A-14. Soil  Plot  Test  for  Bambermycins  Degradation  and  Bio- 
accumulation. (NADA 44-759, Bambermycins,  Vol. 10 p. 2121). 

Both  barley  and  soil  were  examined  for  bambermycins  content  at 
about  weekly  intervals  for 28 days.  Soil  from  each  sample  was 
extracted  in 50% methanol  at  pH 8 with  heating  for 15 minutes. 
The  diluted  extract  was  tested  for  its  bambermycins  content, 
using  bioassay  with  Bacillus  cereus  ATCC 19637. Data  indicated 
that  the  antibiotic  activity  of  bambermycins  in  the  soil 
continuously  decreased  and  that,  within 5-6 weeks, 85% - 87% 
of the  original  quantity of  bambermycins  was  inactivated. 
Decreased  degradation  rates  were  noted  with  time,  which  may 
have  been  due  to  decreaseld  soil  microorganism  activity  in 
cooler  fall  weather. 

The  barley  plants  were  extracted  with 50% methanol  with 
heating  for 15 minutes. 'me extract  was  bioassayed  with E. 
cereus. No microbiological  activity  could  be  found in any of 
the  barley  extracts. The sensitivity  limit  for  bambermycins 
fresh  barley  leaves  was  approximately 0.045 ppm.  Similar 
results  were  obtained  in  studies  using  wheat  and  in  pot 
studies  with  corn,  cabbage,  soy  bean,  fescue,  tobacco,  beans 
and  tomato (NADA 44-759, Bambermycins EIAR, Vol. 10, p. 
2121). These  latter  studies  were  carried  out  using  feces  from 
swine  ingesting  and  excreting 2 g/ton  bambermycins  and  using 
light  loam  and  clay  loam  soils. 

No bioaccumulation  studies  with  soil  or  aquatic  invertebrates, 
microorganisms,  or  higher  organisms  were  submitted  by  the  drug 
sponsor. 
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A.2.6.5. Environmental   Effects 

A.2.6.5.1. Toxicity 

Administered i n   o r a l   d o s e s  to  l abora to ry  and ta rge t   an imals ,  
t h e  maximum appl icable   doses   of  bambermycins  caused  no s i d e  
effects.   According t o  t h e  Merck Index  (9th Ed.), t h e  LD 
i n  mice is. grea te r   t han  2000 ppm o r a l l y .  Bambermycins f 2 8   t o  
rats in mycelial  and  semi-purified  forms a t  the  extremely  high 
levels of  1,000  and 10,000 mg/kg of  feed i n  a 90  day  subacute 
t o x i c i t y  test produced  no  adverse  effects   in  body weight  gain, 
feed  consumption,   mortal i ty ,   behavior ,   funct ional  tests, 
hematology,  urinary  f indings,   organ  weights,   or  histopathology. 
A d i e t   e q u i v a l e n t l y   d i l u t e d   w i t h   i n e r t   p l a s t i c   p e r f o r m e d  
s i m i l a r l y  t o  the  mycelium-diluted  diet  (NADA 44-759, Vol. 14, 
page  3110). 

. 

Bambermycins f e d   t o  dogs i n  a semi-purified  and  mycelial  form 
a t  400 and  4,000 mg bambe:rmycins/kg of f e e d   i n  a 90-day 
subacu te   t ox ic i ty  test produced  no  adverse  effects upon  body 
weight,   general   condition,  hematology,  blood  glucose  levels,  
u r inary   f ind ings ,   o r   h i s topa thology (NADA 44-759, Vol. 14, 
page  3171). 

Feeding of  bambermycins i n  a semi-purified  form a t  a level of 
5000 mg/kg of f e e d   i n  a preliminary 4-week subacute test with 
chickens  produced no adve r se   e f f ec t s  upon  body weight  gain, 
feed  consumption,   feed  eff ic iency,   mortal i ty ,  l iver  glycogen, 
or  blood  sugar,   on  necropsy  and  histological  organ  examination 
(NADA 44-759, Vol. 6, page  1317). 

Bambermycins f e d   i n  a semi-purified  form a t  50 mg bambermycins/ 
kg  of feed  in a two-year rat c h r o n i c   t o x i c i t y  test produced  no 
a d v e r s e   e f f e c t s  upon  body weight,   mortali ty,   hematology,  l iver 
glycogen,   blood  sugar   levels ,   ur inary  f indings,   organ  weights  
or   his topathology (NADA 44-759, Vol. 4, 936). 

Fed in a semi-purified  form a t  50 mg bambermycins/kg of 
f e e d   i n  a 2-year  chicken  chronic  toxicity test, bambermycins 
produced no adve r se   e f f ec t s  upon  body we igh t ,   f eed   u t i l i za t ion ,  
mor t a l i t y ,   egg   p roduc t ion ,   egg   we igh t ,   f e r t i l i t y ,   ha t chab i l i t y ,  
hematology,  blood  sugar  levels,  organ  weights,  necropsy  or 
histopathology  examinations (NADA 44-759. Vol. 5 ,  1130).  

Bambermycins f e d   i n  a semi-purified  form a t  a level of 100 mg 
bambermycins/kg  of  feed i n  a 20-week swine   chronic   tox ic i ty  
test, produced no adverse  'effect  upon  body weight,   feed 
eff ic iency,   hematology,   his topathology  or  carcass c h a r a c t e r i s t i c s  
(NADA 44-759, Vol. 5, page  977). 
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Since  bambermycins is excreted  into  the  environment  in  bioactive 
form  in  large  quantities,  both  Gram-positive  bacteria  and  some 
Gram-negative  bacteria  are  probably  inhibited  (see A.2.6.2. 
and A.2.6.3.3.) .  However,  we  have  no  direct  data  addressing 
this  issue. No toxicity  data  on  invertebrates,  fish,  or  other 
non-target  non-laboratory  animals  are  available.  The  use  of 
plants  species  for  bioaccumulation  tests (A.2.6.4.3. )  indicates 
that no acute  phytotoxicity  occurred  at  the  bambermycins 
levels  employed  (similar  to  the  concentrations  expected  from 
use in animals). No phytotoxicity  studies, per  se,  have  been 
submitted  to  the  Agency,  however. 

A.2.6.5.2. Bacterial  Resistance  to 
Bambermycins 

Plasmid-mediated  resistance  to  bambermycins  has  not  been 
demonstrated (NADA 44-75:), Hoechst  submission  of  June 25, 
1976, Infectious  Multiple  Plasmid  Resistance);  however, 
chromosomal  resistance  may  occur  (Lembke  and  Wasielewski, 
1969; Wasielewski  et  al, 1965). 

The  bactericidal  effect  of  bambermycins  has  been  examined  on 
R-plasmid-free  organisms  and on organisms  carrying  different 
types  of  R-factors  of S.  typhimurium LT2 and E. coli K12. The 
antibiotic  is  more  effectively  bactericidal  on  R-factor 
carrying  organisms  than  on  R-factor-free  organisms.  Certain 
types  of  R-factors  seem  t.o  increase  the  sensitivity  of  the 
bacteria  more  markedly  than  others.  Bambermycins  significantly 
inhibited  R-factor  infection  of  R-factor-free  bacteria,  which 
considerably  exceeded  the  reduction  in  the  organisms  of  both 
partner  strains.  Finally,  the  antibiotic  was  also  found  to 
have  a  distinct  R-factor-eliminating  effect.  Cross-resistance 
could  not  be  shown  with  any  of  the  known  antibiotics  either 
naturally  or  via  laboratory  induction  (Watanabe  et  al, 1972). 

A. 2 .7 .  Monensin 

Monensin  is  added  to  the  feed  of  beef  cattle  for  the  purposes 
of increased  rate  of  weight  gain  and  improved  feed  efficiency 
and in  chickens  to  prevent  coccidiosis. It is  not  used in 
human  medicine. 

A.2.7.1. Physical  and  Chemical  Properties 

Monensin  is  a  major  antibiotic  complex  isolated  during  the  growth 
of Streptomyces  cinnamonensis. Its molecular  weight  is 670.90 and 
its empirical  formula -is c ~ ~ H ~ ~ o ~ ~ .  Monensin  structure is 
shown  in  Figure A-15. It 1s a  monocarboxylic  acid,  one  of  a  group 
of polyether  antibiotic  ionophores (i.e. it causes  specific  changes 
in  membrane  structure  towards  specific ions). 
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Figure A-15. Structure of Monensin  (Merck  Index,  9th Ed.). 

Monensin  has  a  low  vapor  pressure.  Monensin  is  very  slightly 
soluble  in  water,  but  sol.uble  in  most  organic  solvents  (Merck 
Index, 1976). 

A.2.7.2. Antimicrobial  Spectrum  and  Mechanism 
of  Action 

Monensin  acts  upon  cation  permeability of the  cell  membrane 
(Ann.  Rept.in  Medicinal  Chem.  Vol. 10, Ch. 25, 1975). At 
low  concentrations,  monensin  is  effective  against  Gram-positive 
bacteria,  fungi,  and  protozoa.  At  higher  concentrations, 
Gram-negative  bacteria  are  inhibited  (Monensin  EIAR, 26 March, 
1975 Elanco,  NADA 95-735) (Table  A-XVI). 

Table  A-VXI  Monensin 

Antimicrobial  Spectrum of Monensin  in  vitro a 

Organisms  MIC of monensin  (ug/ml=ppm) 

Bacteria  At 24 hr  At 48 hr  At 72 hr 

Staphylococcus  aureus 3055 0.78  0.78 
Bacillus  subtilis  ATCC 6633 1.56  1.56 
Mycobacterium  avium  ATCC 7992 - 0.78 
Streptococcus  faecalis 3.13  12.5 
Lactobacillus  casei  ATCC 7469 0.78 0.78 
Leuconostoc  citrovorum  ATCC 8081 0.78  3.13 
Proteus  vulgaris  sp. 50.0 100.0 
Vibrio  metschnikovii 50.0  50.0 

Fungi 

Alternaria  solani 6.25 
Botrytis  cinerea 3; 13 
Helminthosporium  sativum 50.0 
Pullularia x. 1.56 
Penicillium  expansum 12.5 
Sclerotinia  fructicola 3.13 
=Agar  dilution  test  method. 

(EIAR,  Elanco, 3/26/75 NADA 95-735) 

. _.. 
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A.2.7.3. Introduction  into  the  Environment 

. 

A.2.7.3.1. Manufacturing  Wastes 

The  product  is  produced  by  a  single  company  via  a  fermentation 
process.  The  major  raw  materials  are  of  renewable  plant  and 
animal  origin.  Air  pollution  emissions  are  incinerated 
in  accordance  with  state  standards.  Waste  water  is  treated 
by  evaporation  and  solids  burned.  Effluent  water  is  monitored 
and  is  within  limits  set  by  EPA  (Monensin  EIAR,  Elanco, 
3-26-75, NADA 95-735). 

A.2.7.3.2. Occupational  Exposure 

Limited  data  have  been  submitted  to  the  Agency  about  levels 
of  occupational  exposure  to  monensin  which  occur  or  health 
hazards  that  might  result  from  exposure. A survey  of  the 
medical  records  of 110 persons  who  had  worked  with  monensin 
sodium  produced  no  evidence  of  dermal  or  pulmonary  problems 
(Monensin  EIAR,  Elanco, 3-26-75, NADA 95-735, p. 59). 

A. 2.7.3.3. Target  Animal  Metabolism 
and  Excretion 

Monensin  is  effective  for  increasing  rate  of  weight  gain  in 
ruminants  (fed  at  levels  of 5-30 g/ton). Its  mode  of  action 
is  believed  to  involve  alterations  in  microbial  metabolism 
in  the  rumen. A preliminary  report of the  metabolic  fate  of 
monensin  has  been  presented  (Donoho  et  al, 1976). Excretion 
of  fzdioactivity  by  steers  and  rats  after  a  single  oral  dose 
of  C-monensin  was  rapid  and  essentially  quantitive. 
Less  than 0.5% of  the  dose  was  excreted  via  the  urine. 
Monensin  was  metabolized  extensively,  and  some 20 radioactive 
fractions  were  isolated  from  feces. 

Six  metabolites  have  been.  characterized;  one  involved  demeth- 
ylation  and  decarboxylation  and  the  other  five  resulted  from 
O-demethylation  and  hydroxylation.  Liver  was  the  only  tissue 
in  which  radioactivity  could  be  detected (9&59 ppm of  monensin 
equivalents) 12 r after  the  last  dose  of  C-monensin,  and 
only 3% of  the  C  in  the  liver  was  identified  as  monensin. 1% 

Rates  and  routes  of  excretion  of  radioactivity  by  chickens  fed 
tritiated  monensin  have  also  been  reported  (Herberg  and  Van  Duyn, 
1969). More  than 99% f the  activity  was  excreted  in  the  feces, 
and  the  proportion of H  in  feces  exhibiting  the  properties of 
monensin  decreased  rapidly  with  time  after  dosing.  Some  radio- 
activity  was  absorbed,  indicated by  tissue  assays;  however, 

8 
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much  of  this  activity  was  associated  with  tissue  water, 
indicating  that  most  of  the  tissue  radioactivity  was  not 
monensin,  which  being  lipophilic,  would  be  expected  to  be 
present  in  liquid  tissue  fractions.  Li  er  and  kidney 
contained  the  highest  concentration  of H not  associated 
with  water. 

3 

Other  metabolic  excretion  studies  submitted  in  the  Elanco 
EIAR 3/26/75 (NADA 95-735) are  as  follows: 

Radiochemical  balance  (ingestion  and  excretiof4 i.e. input 
and  output)  studies  have  been  conducted  with  C-monensin 
administered  orally to various  species.  Studies  to  date 
include  three  chickens,  three  steers,  one  lamb,  and  one  rat. 
The  recovery of radioactivity  exceeded 90 percent  for  all 
species  and  is  considered  to  be  quantitative  recovery of the 
administered  dose.  In  those  species  in  which  urine  and 
feces  were  separated  (rats,  steer,  and  lamb),  the.radioactivity 
was  in  the  feces. No significant  portion  of  the  dose  was 
found  in  the  urine. 

Fyes (feces  and  urine  for  chickens)  from  animals  fed 

(TLC)  procedures  to  determine  the  proportion of monensin 
remaining.  These  data  reveal  some  species  differences  in 
the  degree  of  monensin  degradation.  The  data  indicate  a 
substantial  difference  between  the  ruminant  and  the  rat, 
suggesting  minimal  absorption  and  degradation  by  the  ruminant. 
In  all  species,  TLC  separation of  the  metabolites  revealed 
many zones  of  radioactivity.  In  the  chicken,  steer,  and 
lamb  there  were 10 or  mote  degradation  products.  None  of 
these  fractions  singly  constituted  a  "major  metabolite". 
The  most  prominent'  zones  of  the  TLC  plates  and  the  approximate 
proportion  of  radioactivity  in  each  are  shown  in  Table 

C-monensin  were  fractionated  by  thin  layer  chromatographic 

A-XVII - 
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Table  A-XVII 
Metabolism  of  Monensin  Administered  Orally  to 

Chickens,  Steer,  and  Rat. 

Chicken  Steer Rat 
% % % 

Parent  Compound 
Zone  A 
Zone C, Compound  C 

Zone  D 
Zone  E 

Compound  C-1 

.. Other 
(Elanco 

35  75  5 
5 5 3 

10 2 20 
5 1 10 
7  1 8 
6 1 8 
32  15 46 

EIAR,  NADA  95-735) 

Further  studies  of  seven  TLC  fractions  with mass spectral 
technique  indicate  that  monensin  is  degraded  by  demeth- 
ylation  and  then  by  oxidation  (hydroxylation).  These  are 
relatively  minor  chemical  changes,  but  they  serve to in- 
activate  the  molecule. The  four  most  abundant  metabolites 
were  tested in  the  monensin  microbiological  assay.  None 
gave  a  positive  antimicrobial  response.  Thus,  these  com- 
pounds  are  at  least  ten  times  less  active  than  monensin 
in  this  assay  system. 

A.2.7.3.4. Residues  in  Foods 

According  to  the  studies  mentioned  above,  little  if  any 
monensin is present  in  chicken  tissues.  A  tolerance  limit  of 
0.05 ppm  is  established  for  monensin  residues  in  the  tissues  of 
cattle  and  chickens.  No  records  of  violations of monensin 
tolerance  limits  have  been  reported  to  the  Agency. 

A.2.7.4. Environmental  Fate 

A.2.7.4.1. Persistence  and  Degradation 
in  Soil  and  Water 

The major  source  of  monensin  and its degradation  products 
in  the  environment  is  from  feces  of  cattle  and  poultry  adminis- 
tered  monensin.  Monensin  is  relatively  stable in  cattle  feces. 
When  incubated in the  dark  at  room  temperature  of  37OC,  a 
decline  of  only 30 - 40% occurred  in  ten  weeks.  However, 
monensin  inactivation  in  manure  piles  is  more  rapid.  A  decline 
of 80% or  more  occurred in 11  weeks  (Monensin  EIAR,  Elanco, 
3-26-75,  NADA  95-735).- 
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Monensin  degrades  rapidly  in  soil  as  demonstrated  in  green- 
house  and  field  studies.  Assays  of  soil  fortified  with 
monensin  and  cattle  manure  showed  a  disappearance  of 80% or 
more  of  monensin  within  two  weeks.  Under  field  conditions, 
near  quantitative  (greater  than 95%) inactivation  of  monensin 
occurred  approximately  one  month  after  incorporation  into  the 
soil  (Monensin EIAR, Elanco,  NADA 93-735). 

An aliquot  of  potting  soil  was  fortified  with  C-monen- 
sin at  a  level  of 10 ppm  and  held  in  the  greenhouse.  Samples 
were  taken  periodfgally  for  determination of radioactivity 
by  combustion  to C02. After  six  months,  more  than 75% 
of  the  radioactivity  was  lost  from  the  soil.  Since  the 
radio  activity  was  present  in  every  molecular  ring  of  monensin 
except  one,  these  results  show  that  the  monensin  molecule  is 
extensively  degraded  and  lost  from  the  soil  (Monensin EIAR, 
Elanco,  NADA 93-735). 

14 

A. 2.7.4.2. Mobility in  the  Environment 

A  leaching  study  was  conducted  to  determine  the  xtent  to 
which  monensin  may  contaminate  water  sources.  C-monensin 
was  applied  to  a  column  of  soil  and  then  treated  with an 
equivalent  of  six  inches  of  water.  Thi  amount of water 
leached  only  five  percent  of  the  total  C-activity  applied. 
The  type of soil  used  was  a  sandy-loam  type  but  was  not 
further  characterized  (Monensin EIAR 26 March, 1975, Elanco, 

1Z 

84 

NADA 93-735). 

We  believe  that  these  data,  taking  into  account  the  lipophilic 
properties  of  monensin  and its moderate  biodegradation  in 
soils,  indicate  that  monensin  residues  could  potentially  move 
into  water  bodies  in  low  quantities.  Further  studies  are 
needed  on  monensin  adsorption  to  characterized  soil  types 
before  the  likely  concentrations  in  water  can  be  estimated. 

A. 2.7.4.3. Bioaccumulation 

Animal  metabolism  and  soil  degradation  studies  indicate 
that  long-term  bioaccumulation  of  monensin  is  unlikely,  The 
highly  lipophilic  nature of this  compound,  however,  suggests 
that  short-term  bioaccumulation  may  occur,  Further  studies 
are  needed  to  quantify  bioaccumulation  trends  in  a  wide 
variety of organisms  besides  mammals. 
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A.2.7.5. Environmental   Effects of Monensin 

A.2.7.5.1. Toxic i ty  

Acute   tox ic i ty   s tud ies ,  as shown below, give  moderately 
h i g h   a c u t e   t o x i c i t y   l e v e l s   i n  mammals and b i r d s   r e l a t i v e   t o  
some o t h e r   a n t i b i o t i c s .  

Monensin  Sodium LD 50 

Single  Oral Dose E f f e c t s  

Organism - Sex Ef fec t  Dose/Body weight 

Mouse F est LD 125 mg/kg 
Rat M, F est LD 35 mg/kg 
Chicken 14, F est LD 200 mgjkg 

50 
50 

Dog M L D ~ O  <20 mg/kg 
F LD >10 mg/kg 

0 

(Monensin EIAR, Elanco, NADA 93-735) 

The dose-mortality  response w a s  f l a t ;   m o r t a l i t y   d i d   n o t  
occur a t  any f i x e d   i n t e r v a l   a f t e r  treatment, b u t  was spread 
over   several   days.  Monensin is a l s o   r e p o r t e d   t o   b e   t o x i c   t o  
horses  (21  CFR 558.355). 

A s tudy  with  guinea  pigs   (Cavia   cut ler i  showed a complete 
absence   o f   dermal   i r r i t a t ion   and   sys t semic   sens i t iza t ion  
fo l lowing  a rigorous  prolonged  exposure  to  monensin  sodium. 
(Monensin EIAR, Elanco, NADA 93-735). As discussed  earlier 
(A.2.7.3.2.), a survey  of   individuals  who had  worked wi th  
monensin  produced  no  evidence of dermal  or  pulmonary  problems. 

I n   c h r o n i c   t o x i c i t y   s t u d i e s ,   t h e  no e f f e c t   l e v e l  of  monensin 
sodium  given i n   f e e d   f o r  3 months was 100 ppm f o r  rats. and 200, 
ppm f o r  dogs  (Monensin EIAR, NADA 95-735, Vol. 6 ,  p. 6 0 ) .  

R 

. 
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The  manufacturer of monensin has  conducted a study  which 
i n d i c a t e s   t h a t  manure taken  from ca t t l e  f ed  monensin a t  
30 g/ton  has  no obse rvab le   e f f ec t s  on the red  earthworm. 
Manure from  caged b r o i l e r s   f e d  monensin a t  t h e  rate of 160 
g j t o n  and cat t le  f ed  monensin a t  a rate of 30  g/ton  had 
no  observable   effects  of t h e  development on the   housef ly  
egg   in to   l a rvae   and   the   adul t   housef ly  (Monensin EIAR, 
March,  1975). 

A study was a l so   conducted   to   de te rmine   the   e f fec ts  of monen- 
s i n  on act ivated  s ludge.  The bac te r i a ,   f ung i ,  and  proto- 
zoans   p re sen t   i n   ac t iva t ed   s ludge  are similar t o  t hose   p re sen t  
in   aera ted   l agoons   where   feedlo t  wastes are t r e a t e d  and are 
a lso   o f ten   found in smaller numbers i n  s o i l s  and  freshwater 
streams and lakes .  In t h i s   s t u d y ,  monensin w a s  added a t  a 
l e v e l  of 1, 10  and 25 u g / d  (ppm) t o  animal waste taken  from a 
feedlot.   Biochemical oxygen demand, monensin l e v e l  and pH 
were monitored  over a 5 d a y  incubation  period. A t  t h e   l e v e l  of 
25  ug/ml ppm, monensin  had no d e l e t e r i o u s   e f f e c t  on t he   mic rob ia l  
degradation of t h e   f e e d l o t  waste. The monensin l e v e l s  were 
d e p l e t e d   t o  test s e n s i t i v i t y   l e v e l s  (0.025  ug/ml) w i th in  
four   days  af ter   t reatment .  Elonensin d i d   n o t   a f f e c t  pH (Monensin 
EIAR, NADA 95-735, Vol. 6 ,  p. 115). 

The u l t ima te   d i sposa l  of excreta from animals t r e a t e d   w i t h  monen- 
s i n  is often  admixture  with soil. Greenhouse phy to tox ic i ty  
tests were conducted  using  14  plant   species  grown i n   s o i l  
t r ea t ed   w i th  manure a t  t h e  rates of 5, 10,  and  20 tons   per  
acre. Excreta from  control  steers and steers f e d  20 and  40 g 
of  monensin per  ton of feed were tes ted .  No phy to tox ic i ty  was 
noted i n  any plant   species   except   peppers .   Sl ight   to   moderate  
injury  to   peppers   occurred  with manure from  both  control  and 
monensin-fed steers. F ie ld   s tud ies   revea led  no  monensin-related 
phyto toxic i ty   to   the   14   p lan t   spec ies  when they were grown in 
s o i l   t r e a t e d  a t  22 tons/acre   with manure obtained  from c a t t l e  
f e d  40 g monensin per   ton  of feed. The r e s u l t s   a g r e e   w i t h  the 
greenhouse  study.  Similarly, manure f rom  b ro i l e r s   f ed  monensin 
a t  110  g/ton was no more in ju r ious   t o   t he   14   p l an t   spec ie s  
than was manure  from  non-medicated b r o i l e r s .  

When b r o i l e r s  are f ed  monensin a t  the  rate of 110  g/ton,  the 
r e s u l t a n t  l i t t e r  contains  approximately 10-15 ppm of  monensin. 
This  concentration i s  high enough to   adve r se ly   a f f ec t  some 
Gram-positive  and  Gram-negative  bacteria,  fungi  and  protozoans 
f o r  which minimum inh ib i to ry   concen t r a t ions  are given i n  Table 
A-XVI . 
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While i t  is p o s s i b l e   t h a t   t h e s e  monensin res idues   could   a f fec t  
the  species  composition of microorganisms i n   f e e d l o t  wastes, t h e  
monensin inac t iva t ion   and   degrada t ion   demonst ra ted   to   occur   in  
these  wastes and the   d i lu t ion   r e su l t i ng   f rom  inco rpora t ion  of 
these  wastes i n t o   s o i l s  would make such   an   e f fec t   un l ike ly   in  
a g r i c u l t u r a l   s o i l s .  

A.2.7.5.2. Drug Resis tance 

There are no data   indicat ing  the  development  of plasmid- 
mediated  or  chromosomal  resistance  to  monensin i n  b a c t e r i a  
normally  suscept ible  to the  drug.  After serial passage  of 
c u l t u r e s   i n   t h e   p r e s e n c e  of  monensin,  Clostridium  perfringens 
developed a two-fold increase i n   r e s i s t a n c e  on the  17th 
passage  but no other  changes  during 40 passages.   Bacteroides 
f r a g i l i s  developed a 4 - f o l d   i n c r e a s e   i n   r e s i s t a n c e   a f t e r  two 
passages and  had  no  further  change i n  40 passages  (Elanco 
submission  to FDA of Sept.  18,  1974, NADA 41-725). These 
s t u d i e s   i n d i c a t e   t h a t  chromosomal  mutation  can  occur  and 
be  selected  out .  A l a r g e  number of o the r   bac t e r i a   exh ib i t ed  
no change  and the  mutatiyp  probably  occurs a t  the   usua l  low 
rate of  one i n  10 t o  10 cells. 9 

A.2.8. Erythromycin 

Erythromycin is used i n  chickens,   turkeys,   swine  and  catt le 
f o r  growth  promotion  and  feed  efficiency. It is a l so   u sed   t o  
prevent   chronic   resp i ra tory   d i sease   and   in fec t ious   coryza   in  
chickens  and  turkeys.  Erythromycin i s  used i n  human medicine 
for   s t rep tococca l   and   s taphylococca l   in fec t ions ,  pneumonia, 
and o the r   i n fec t ions .  It is especial ly   important  when indi -  
v idua l s  are h y p e r s e n s i t i v e   t o   p e n i c i l l i n  or disease  pathogens 
are p e n i c i l l i n - r e s i s t a n t .  

A.2.8.1. Chemical and Phys ica l   Proper t ies  

Erythromycin is a macrol ide  ant ibiot ic   produced  by, the  fungus 
Streptomyces  erythreus. The molecule  contains  an amino sugar ,  
desosamine,  and a ni t rogen-free  sugar ,   c ladinose,  as well a s  a 
macrocycl ic   lactone  port ion,   erythronol ide.  The molecular 
weight is  733.92. The molecular   s t ruc ture  is shown i n   F i g u r e  
A-16. 
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Figure  A-16.  Structure  of  Erythromycin  (Merck  Index,  9th Ed.) 

The  chlorofo  m/water  partition  coefficient  for  erythromycin 
is 12,587~10 at  pH4  (Burton  and  Shanker,  1974)  indicating  a 
very  high  affinity  for  lipid,  non-polar  solvents.  Solubility 
in  water  is  surprisingly  high  in  light  of  the  partition 
coefficient,  about  2200  ppm  (Wilson,  Gisvold  and  Doerge, 
6th Ed.,  1971). The  compound is freely  soluble  in  chloroform 
(20,000 ppm)  and  alcohols. It has  a  basic  reaction  and 
forms  salts  with  acids  (Merck  Index,  9th Ed.,  1976)- The 
optimum  pH  is  near  neutrality  and  it  is  unstable  at  a pH of 4 
or  lower. 

4 

A.2.8.2. Mechanism  of  Action  and  Antimicrobial 
Spectrum 

The  mode  of  action  of  erythromycin  is  through  interference 
with  the  function  of  the 50s ribosome  subunit  in  protein 
synthesis,  as in the  case  with  the  other  macrolides  and  with 
lincomycin  and  virginiamycin  (Weinstein,  1975)- 

The  sensitivity  of  bacteria  to  erythromycin is shown  in  Table 
A-XVIII. The  drug is generally  bacteriostatic  rather  than 
bactericidal,  affecting  both  Gram-positive  and  negative 
bacteria. 
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The macrolide-lincomycin-streptogramin (MLS) resistance  is 
also  found  in  Streptococcus  pyogenes,  group A and D (Clewell 
and  Franke, 1974; Courvalin  et  al, 1972). 

Much  conflicting  data  have  been  written  about  erythromycin 
resistance  in  hospitals.  The  topic  is  reviewed  by  Lowbury  and 
Ayliffe (1974). The  arrival  of  the  new  antibiotic  in 1952 led 
to  the  discovery  of  resistant  strains  of  staphylococci,  both 
in  hospitals  and  in  vitro.  Chromosomal  resistance  emerged  by 
a  stepwise  series  of  mutations.  Short  courses  of  treatment 
rarely  led  to  the  development  of  resistance  but  fully  virulent 
resistant  varieties  have  emerged  and  rapidly  spread  in  some 
hospitals,  while  in  others  no  resistant  staphylococci  emerged 
for  more  than  eight  months  or  for  up  to  four  years.  One 
factor  seems  to  be  a  change  in  bacteriophage  type,  which 
may  indicate  that  the  right  bacteriophage  is  needed  for 
transfer  of  resistance  factors  by  transduction  to  sensitive 
st  rains. 

Erythromycin  is  sometimes,  but  not  always,  cross-resistant 
with  tylosin  and  oleandomycin  (Garrod  et  al, 1973). The 
majority  of  erythromycin-,resistant  strains  found  in  hospitals 
acquire  oleandomycin,  lincomycin,  and  virginiamycin  resistance 
when  grown  in  vitro  in  the  presence of erythromycin (i.e., 
this  enzyme  is  induced).  Some  of  the  isolated  strains  possess 
a  constitutive  (natural)  resistance  to  all  three  types  of 
drugs.  In  one  study  of 338 clinical  isolates  from  humans,  Rauter 
(1972) found  that 25% of  erythromycin-resistant  staphylococci 
were  also  resistant  to  oleandomycin.  Erythromycin  resistance 
was  present  in 16.5% of  all  the  strains  studied.  In  a 
study  of  fecal  streptococci  in  beagle  dogs  given  virginiamycin, 
plasmid-mediated  erythromycin  resistance  was  produced  (Silver 
- et -9 a1 1976). These  enterococci,  which  were  of  a  new  phage 
type,  disappeared  upon  discontinuing  the  drug  and  were  replaced 
by  sensitive  enterococci  of  the  phage  type  normally  present. 

A.  2.9. Oleandomycin 

Oleandomycin  is  approved  for  increased  rate  of  weight  gain  and 
feed  efficiency  for  chickens,  turkeys  and  swine.  It  has  little 
usage  in  animals.  In  humans,  oleandomycin  is  used  abroad,  with 
a  similar,  but  less  potent,  disease  spectrum  to  erythromycin 
(A.2.8.1, but  it  is  not  used  in  the  United  States. 

A.2.9.1. Chemical  and  Physical  Properties 

Oleandomycin  is  an  ant-ibiotic  substance  produced  by  Strepto- 
myces  antibioticus  (ATCC 11891). Its  chemical  configuration, 
similar  to  erythromycin,  is  shown  in  Figure A-17. 
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Table  A-XVIII 
Sensitivity  of  Bacteria  to  Erythromycin 

Gram-positive  MIC  Gram-negative  MIC 
Bacteria  uglnd  Bacteria  ug Id 

- St  r . pneumoniae 0.01-0.2 
' E. gonorrhoeae 0.04-0.4 

- Str . pyopenes 0.02-0.2 - N. meningitidis 0.2 -1.6 
- Str.  viridans 0.02-3.1 E. influenzae 0.4 -3.1 
- Str.  faecalis 0.6 -3.1 E. pertussis 0.2 
Staph.  aureus 0.01-1. 6 Brucella  abortus 10 
Staph.  albus 0.2 -3.1 Brucella  melitensis 0-3 

- C1.  tetani 0.2 -0.6 Shigella a. 100-200 
- C1. welchii 0.1 -0.2 Salmonella a. 100-200 
Myco.  kansasii . 0.5  -2.0 Kl. aerogenes >loo 
Myco.  scrofulaceum 0.5 -16.0 E. penumoniae >loo 
Myco.  fortuitum R Proteus a. >loo 

- Ps. aeruginosa >loo 

- C. diptheriae 0.2 -3.1 E. coli 8-300 - -  

(Garrod,  Lambert & O'Grady, 4th  Ed.,  1973) 

A.2.8.3. Introduction  into  the  Environment 

A.2.8.3.1. Manufacturing  Wastes 

No data  have  been  submitted  to  the  Agency  about  wastes  generated 
during  the  production,  distribution  and  transport  of  erythromycin. 
Erythromycin  is  not  widely  used in  swine  or  poultry. It is a 
fermentation  product  probably  yielding  the  same  types  and  quantities 
of wastes  as  discussed  for  penicillin  above (A.1.1.3.1.). Although 
occasional  skin,sensitization  occurs  (Weinstein,  19751,  as  well  as 
cross-sensitization  with  other  macrolides, no data  were  found  in  the 
literature  or  were  submitted  by  the  drug  sponsor  about  hypersensitivity 
after  occupational  exposure. 

A.2.8.3.2. Metabolism  and  Excretion 
by  Target  Animals 

Following  oral  administration  in  humans,  about 40% of  erythro- 
mycin  is  absorbed  readily  from  the  upper  part  of  the  small 
intestine. It is  concentrated  in  the  liver  and  eliminated  by 
the  bile  into  the  small  intestine.  Relatively  high  concentrations 
are  found  in  the  feces,  with  a  low  urinary  excretion (2.5%) 
(Huber,  1977;  Kurylowicz, 1976). When  large  doses of erythro- 
mycin  are  orally  administered  in  man,  the  feces  may  contain  as 
much  as 500 ppm  (Weinstein,  1975). 

.. 1. 
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No  data  could  be  found on the  excretion  of  erythro- 
mycin  by  chickens,  swine  or  cattle.  Percent  excretion  of 
active  compound  could  not  be  found  in  the  literature  nor  in 
the  erythromycin  NADA. No information  was  submitted  by  the 
producers  of  erythromycin  thiocyanate  in  response  to  the 
Agency‘s  May  27,  1977  Call  for  Environmental  Information 
(42 FR 27264-27266). 

A.2.8.3.3. Tissue  Residues 

In  1975 USDA reported  that  one  out  of 206 cattle  kidney 
samples  contained  erythromycin  residues in violation  of 
tolerance  levels.  No  samples  from  206  swine  tissues,  177 
chicken  tissues,  or 491 turkey  tissues  contained  the  drug  in 
violative  amounts.  In  1976  no  sample  units  violated  erythromycin 
tolerance  levels. 

A.2.8.4. Environmental  Fate 

A.2.8.4.1. Persistence 

Garrod  et a1 (1973)  indicate  that  negtral  solutions  of  erythro- 
mycin  are  stable  for  many  weeks  at  5  C,  but  at  room  temperature 
there  is  some  loss  of  activity  after  a  few  days.  At  a  pH 
below 5, loss  of  activity  is  rapid.  In  most  soils,  where  pH 
is seldom  below 5 ,  it  would  therefore  appear  that  slow  inactiv- 
ation  occurs. No data  were  submitted  or  found  in  the  scientific 
literature  that  would  allow  an  estimation  of  the  environmental 
half-life  of  erythromycin,  however. 

A.2.8.4.2.  Mobility 

According  to  a  study  by  Pinck  et a1 (1962),  erythromycin  is 
adsorbed  only  in  microquantities  by  vermiculite  and  kaolinite, 
in  high  quantities  by  montmorillonite,  and  in  moderate  amounts 
by  illite.  There  is  a  low  rate of release  from  these  clays. 
We  interpret  these  data,  taking  into  account  the  moderate 
water  solubility  of  erythromycin,  to  indicate  that  erythromycin 
is  more  mobile  through  kaolinite  and  vermiculite-containing 
soils  and  less so in  soils  containing  montmorillonite  and 
illite. 

A.2.8.4.3. Bioaccumulation 

While  no  studies  were  submitted  or  found  in  the  literature 
that  examine  the  degree  to  which  erythromycin  may  bioaccumulate 
in  animals  and  plants,’fhe  high  chloroform/water  partition 
coefficient  indicates  an  affinity  of  the  drug  for  lipids,  a 
property  characteristic of bioaccumulating  chemicals.  On  the 
other  hand,  violative  tissue  residues  in  target  animals  are 



A-112 

rare  and  the  drug  appears  to  be  excreted  efficiently.  More 
data  are  needed  to  eva1ua.te  the  potential  of  the  drug  to 
bioaccumulate  in  plants,  fish,  and  invertebrates.  Combined 
with  more  complete  persistence  information,  the  long-term 
bioaccumulation  hazard  of  erythromycin  could  then  be  evaluated, 

A.2.8.5. Environmental  Effects 

A-2.8-5.1,  Toxicity  to  Non-pathogens 

In  a  review  article,  Yeary  (1975)  states  that  dogs  given  50, 
75 or  100  mg/kg bd. wt, erythromycin  orally  for  three  months 
and  daily  doses  at 50 mg/kg  for  another  nine  months  did  not 
develop  pathological  signs. In another  study  which  Yeary 
reviews,  dogs  receiving  250  mg/kg  bd.  wt. for  five  days  each 
week  for  three  months  had  no  sign of toxicity.  The  oral 
LD for  erythromycin  estolate  in  mice  is 6.45 g/kg  bd.  wt. 
adothe LD orally in  rats  for  erythromycin  propionate  is 
>5.0  g/kg 28. wt.  (Merck  Index,  9th Ed.). Occasional  human 
skin  sensitization  occurs  (Weinstein, 1975). Cross-sensitization 
may  occur  between  erythromycin  and  other  macrolides  such  as 
tylosin  and  oleandomycin. 

Toxicological  data  were  not  submitted  or  found  in  the  literature 
for  plants,  invertebrates,  fish  and  other  non-target  organisms. 
The  apparent  high  excretion  rate of the  intact  drug  by  target 
animals  and  the  wide  spectrum  of  antimicrobial  activity  shown 
(Table  A-XVIII)  would  suggest  that  at  least  temporary  inhibition 
of  feedlot  bacteria  exposed  to  excreted  residues  of  erythromycin 
occurs. 

A.2.8.5.2. Drug  Resistance 

As with  the  macrolides,  tylosin  and  oleandomycin,  the  mechanism 
of plasmid-mediated  resistance  to  erythromycin in  bacteria  is 
through  the  production  of  enzymes  which  methylate  a  component 
of  the  50s  ribosome so, that  antibiotic  action  cannot  occur. 
Both  constitutive  (always  present)  and  inducible  (occuring 
only in the  presence  of  the  drug)  types  of  these  resistances 
are  found.  Inducible  resistance  can  be  demonstrated  only in 
clinical  isolates  of  Staphylococcus  aureus.  Cross-resistance 
to all  known  macrolides  occurs  but  is  not  stable  and  rapidly 
disappears  in  continuous  culture  (Knothe, 1977). It is 
frequently  incomplete (e.g.  5%  of  erythromycin-resistant 
staphylococci  were  resistant  to  tylosin  according  to  Rauter 
(1972).  This  cross-resistance  also  occurs  with  compounds 
of several  other  chemical  classes  which  act  on  the  same 
ribosomal  subunit,  the  depsipeptide  antibiotics  which  include 
virginiamycin,  streptogramin  and  pristinamycin,  and  the 
lincosamides,  lincomycin,  and  clindamycin  (Weisblum, 1975). 
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Figure  A-1 7. Oleandomycin  Structure  (Merck  Index,  9th Ed.) 

Oleandomycin  is  slightly  to  moderately  soluble  in  water,  freely 
soluble in dilute  acids,  alcohols  and  acetone,  and  practically 
insoluble  in  carbon  tetrachloride,  hexane  and  dibutyl  ether 
(Merck  Index,  9th  Ed. 1. 

A.2.9.2, Mechanism  of  Action  and  Spectrum 
of  Activity 

The  action  mechanism  of  oleandomycin  is  similar  to  that of 
other  macrolides  such  as  erythromycin  and  tylosin. It inhibits 
protein  production  through  attachment  to  a  subunit  of  the 
bacterial  ribosome,  and  thereby  exerts  a  bacteriostatic  or 
bactericidal  action  (Weinstein, 1975). 

Oleandomycin  is  effective  against  Gram-positive  bacteria, 
especially  staphylococci  and  streptococci. I,t has  a  spec- 
trum  of  activity  similar  to  erythromycin,  but  is  2-4  times 
less  active  against  Streptococcus  aureus  and  about 10 times 
less  active  against  Streptococcus  pyogenes  (Garrod  et  al, 
1973). Oleandomycin  is  also  active  against  rickettsiae, 
chlamydia,  and  the  Gram-negative  organisms,  Brucella,  Neisseria, 
and  Haemophilus, 

A.2.9.3. Introduction  into  the  Environment 

A.2.9.3.1, Manufacturing  Wastes 

Although  data  were  requested  from  the  producer (42-FR 27264- 
27266) on the  wastes  emitted  by  facilities  manufacturing 
oleandomycin  and  its  premixes, no data  were  received.  These 
data  were  also  not  available  in  the  literature.  Since  oleandomycin 
is  a  fermentation  product,  we  expect  wastes  generated  to  be 
similar  to  those  descrxbed  for  penicillin.  The  quantities  of 
wastes  entering  the  environment  depend  upon  the  waste  treatment 
used  at  each  facility. 
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A.2.9.3.2. Occupational  Exposure 

No data  have  been  provided  by  the  drug  firms  or  literature 
review  concerning  occupational  exposure  to  oleandomycin. 
Oleandomycin is used  as  a  human  drug  in  Europe.  Although  its 
toxicity is, in  general,  low  (Garrod  et a1 1973; Huber, 19771, 
Russian  workers  report  toxicity  from  inhaled  oleandomycin 
phosphate  (Popov  and  Dzhezhev, 1973), indicating  an  occupational 
hazard.  Huber (1977) describes  occasional  dermal  hypersen- 
sitivity  or  diarrhea  in  a.nimals.  The  triacetyl  ester  causes 
liver  damage  in  man  (Garrod  et  al, 1973). 

A.2.9.3.3. Metabolism  and  Excretion  by 
Target  Animals 

No data  were  submitted or found in the  literature  concerning 
metabolism  or  excretion  of  oleandomycin  by  target  animals. 
Like  erythromycin,  oleandomycin  is  incompletely  absorbed 
across  the  intestinal  wall  (Garrod et al, 1973). According  to 
Huber (19771, it  can  be  detected in liver,  kidneys,  spleen, 
heart,  lungs,  lymph  nodes,  pancreas  and  bile,  but  does  not 
penetrate  the  bloodbrain  barrier. 

A.2.9.3.4. Tissue  Residues 

Violations  of  tissue  residues  for  oleandomycin  are  not 
listed  by  the  USDA  reports  for 1975 or 1976 since  available 
toxicological  data  do  not  support  safety  of  residues  at  the 
sensitivity  level  of  the  current  assay  technique  (tolerance 
0 . 3  ppm  for  kidney  and  muscle). 

A.2.9.4. Fate  in  the  Environment 

A.2.9.4.1. Persistence  and  Degradation 
in  Soil  and  Water 

No data  are  available  from  either  the  drug  firm  or a liter- 
ature  search. The-  chemical  structure  of  oleandomycin  would 
indicate  eventual  biodegradation,  especially  in  light  of  the 
biosynthesized  nature of the  drug. The rate of biodegradation 
is  unknown. 
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A.2.9.4.2. Mobility in the  Environment 

. 

Based  upon  the  study  described  for  erythromycin  (Pinck 
-- et  al,  1962), we  believe  there  would  be  a  low  rate  of  release 
from  montmorillonite  clay  and  the  drug  would  be  mobile  through 
kaolinite  and  vermiculite. 

A.2.9.4.3. Bioaccumulation 

No bioaccumulation  data  on  oleandomycin  were  submitted  to  the 
Agency  or  found in the  literature. 

A.2.9.5. Environmental  Effects 

A.2.9.5.1. Toxicity  to  Non-pathogens 

According  to  both  Garrod  (1973)  and  Huber (1977) human  toxic- 
ity of oleandomycin is low. Data  were  not  submitted  or  found 
on target  animals,  invertebrates  and  fish.  In  a  pot  experiment 
with  oats,  pooled  fresh  excreta  from  pigs  and  from  broilers 
were  collected  and  compared  with  non-medicated  specimens  for 
nutritive  effects  of  feed  supplementation.  Higher  nitrogen 
content  in  oat  plants  was  associated  with  oleandomycin, 
although  there  was  little  effect  upon  crop  yield  (Tietjen, 
1975). 

A.2.9.5.2. Drug  Resistance 

Cross-resistance  may  occur  between  oleandomycin  and  erythro- 
mycin,  which  is  also  a  macrolide  with  the  same  action  mechanism. 
Currently,  this  cross-resistance  is  seldom  present  (Rauter, 
1972;  Garrod  1973;  Knothe 1977). 
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A.2.10. Organic  Arsenicals 

A.2.10.1. General  Introduction 

. 

Arsenicals have'a long  history  of  use  in  veterinary  and 
human  medicine.  Arsenic  (chemical  symbol: As) was  known  as 
a  therapeutic  agent  to  the  ancient  Greeks  and  Romans.  The 
advent  of  safe  and  more  effective  antibiotics  has  resulted 
in much  decreased  use  of  arsenicals  in  humans,  the  only 
remaining  uses  being  for  treatment  of  certain  tropical 
diseases  (Harvey,  1975). 

The  growth  promoting  qualities of certain  organic  arsenicals, 
arsonic  acid  derivatives  containing  pentavalent  arsenic, 
were  observed  in  chickens  in  the  late  1940s;  about  the  same 
time  that  growth  promoting  properties  of  some  antibiotics 
were  observed  (Frost,  Overby  and  Spruth,  1955).  Two  of 
these  organic  arsenicals,  arsanilic  acid  (or  sodium  arsanilate) 
and  roxarsone (3-nitro-4-hydroxyphenylarsonic acid)  are 
widely  used  today  as  growth  promotants  in  chickens,  turkeys, 
and  swine  (Figure A-18). 

Arsonic  acid  derivatives  are  also  widely  used  as  herbicides. 
Monosodium  methanearsonate  (MSMA)  and  disodium  methanearsonate 
(DSMA) upset  plant  metabolism  and  interfere  with  normal 
growth  by  entering  into  reactions  in  place of phosphate.  In 
addition,  these  arsonates  are  absorbed  and  translocated  by 
plants  like  phosphates,  concentrating  in  underground  tubers 
and  rhizomes  (Ware,  1975). 

Inorganic  trivalent  arsenic  compounds  enjoyed  wide  use  as 
insecticides,  herbicides,  and  soil  sterilents  in  the  first 
half  of  this  century  until  1968.  These  trivalent  arsenic 
compounds  act  by  non-selectively  inhibiting  enzymes  contain- 
ing  sulfhydryl  groups,  coagulating  proteins  by  changing 
their  configuration,  and by  uncoupling  oxidative  phosphory- 
lation  (the  primary  energy-producing  reaction  in  cells  which 
creates  ATP  to  drive  cellular  metabolism)  (Ware,  1975). 
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A.2.10.2. Physical  and  Chemical  Properties 

. 

Both  inorganic  and  organic  arsenical  compounds  occur  naturally. 
These  arsenicals  are  transformed  from  inorganic  to  organic  and 
vice  versa  as  they  move  between  biotic  compartments:  air, 
soil,  water,  sediment,  oxidizing  and  reducing  conditions. 
Weathering  of  rock,  smelting,  coal-burning,  mining,  pesticide 
use,  and  addition  of  arsenic  to  animal  feeds  all  result  in 
inputs  of  arsenic  compounds  into  the  environment  that  are 
potentially  available  to  the  biota  for  bioaccumulation, 
metabolic  transformations,  or  toxic  effects,  Concentrations 
of  arsenic  in  uncontaminated  soils  range  from  0.2  to 40 ppm 
(Walsh - et -9 a1 1977)- Use  of  inorganic  arsenicals,  such  as 
lead  arsenate,  on  orchards  has  resulted  in  much  higher  soil 
concentrations,  Walsh  et a1 (1977) report  orchards  with 
arsenic  concentrations  as  high  as 2553 ppm. 

In  aerobic  soils,  the  arsenate  ion, MAsO (+V) is  the  pre- 
dominant  arsenic  form.  Arsenate  behaves  chemically  in  soil 
in a manner  similar  to  orthophosphate,  both  ions  competing 
for  adsorption  sites  with  ferric  iron  and  aluminum  present  in 
clays  (Walsh  et  al,  1977;  Woolson,  1975).  Thus,  arsenate  has 
been  observed  to  leach  more  rapidly  through  low  clay  (sandy) 
soils  and  to  be  more  likely  to  cause  phytotoxicity  on  sandy 
soils. Also,  addition  of  phosphate to soils  may  release 
arsenic  from  adsorption  sites  (Walsh  et  al, 1977). 

4 

In  anaerobic  (reducing)  environments,  such  as  flooded  soils 
and  sediments,  the  more  toxic  arsenite  ion, MAsO (+III), 
and  arsine,  AsH3 (-III), are  formed.  Toxic dimehylarsinic 
acid  (cacodylic  acid)  may  be  formed.  Microorganisms  and 
higher  animals,  including  man,  convert  inorganic  arsenic 
compounds  to  methylated  organic  arsenicals,  including  dimethyl- 
arsinic  acid  (Walsh  et  al,  1977;  Woolson,  1977;  Crecelius, 
1977). Some  arsenic  compounds  are  volatile  and  are  released 
into  the  atmosphere. 

Arsenic (As) compounds  used  in  medicine  have  been  traditionally 
classified  as  to  the  valence of the  arsenic  present (I11 or 
V) and  as  to  whether  a  carbon-arsenic  (C-As)  bond  is  present. 
Both  arsanilic  acid  and  roxarsone  are  phenylarsonic  acid ~ 

derivatives,  containing  pentavalent  arsenic,  a  C-As  bond,  and 
are  tetrahedral  in  structure  (i.e.  As  has  a  coordination 
number  of 3). The  carbon-arsenic  bond  is  fairly  stable  and 
alters  the  biological  properties  of  those  compounds  where  it 
is  present.  Such  compounds  are  called  organic  arsenicals 
(Klevay,  1976). 
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Structures  of  both  compounds  are  pictured  in  Figure  A-18. 
Arsanilic  acid (M.W. = 217.04)  is  prepared  by  heating  aniline 
and  arsenic  acid.  The  chemical  name  for  arsanilic  acid  is 
p-aminobenzene-arsonic  acid.  It  is  slightly  soluble  in  cold 
water  and  soluble  in  hot  water. It is insoluble  in  chloroform 
and  ether  (Merck  Index,  1976). 

Roxarsone  (MW  263.03)  is  prepared  by  treating  sodium  phenyl- 
arsonate  with  a  mixture  of  nitric  and  sulfuric  acid  at  zero 
degrees  centigrade,  Its  chemical  name  is  3-nitro-4-hydroxy- 
phenylarsonic  acid, It is  slightly  soluble  in  water,  -freely 
soluble  in  low  molecular  weight  alcohols,  acetone,  insoluble 
in  ether  and  ethylacetate. 

As discussed  below  under  A.2.10.5,  "Fate in  the  Environment", 
arsanilic  acid  and  roxarsone  can  be  expected  to  enter  into 
the  global  arsenic  cycle  with  chemical  and  biological  trans- 
formations  to  inorganic  arsenate  and  other  compounds. 

A.2.10.3.  Action  on  Microorganisms 

At  the  levels  used  for  growth  promotion  and  increased  feed 
efficiency (100 grams  per  ton),  roxarsone  and 
arsanilic  acid  do  not  exhibit  particularly  strong  anti- 
microbial  activity.  At  slightly  higher  concentrations,  both 
drugs  are  used  to  control  swine  dysentery. A literature 
report of the  spectrum  of  antimicrobial  activity  of  roxarsone 
and  arsanilic  acid  could  not  be  located,  Based  on  the 
rather  nonspecific  mechanism  of  action  given  below,  one 
might  expect  that  all  microorganisms  with  cell  walls  that 
can  be  penetrated  by  the  drugs  could  be  affected, 

According  to  Harvey  (1975),  the  pentavalent  organic  arsenicals 
must  be  converted  to  the  more  toxic  trivalent  arsenoxides  in 
the  target  animal  or  microorganism  before  they  can  act. 
These  trivalent  arsenoxides  then  act  on  the  sulfhydryl  bonds 
of  proteins  and  enzymes,  changing  their  configuration  and 
inactivating  them,  as  in  the  representative  reaction  shown 
below: 

S-Protein 

S-Protein 
R-As=O + 2HS-Protein = R-As( + H20 
(arsenoxide)  (protein  with (arsenic-protein  complex) 

sulfhydryl 
group 1 



APPENDIX B . ,  

Intent to propose  rules  on  use of subtherapeutic 
levels  of  antibiotics  in  animal  feeds  and  call 
for environmental  data. 42 FR 27264-27266, 
M a y 2 7 , 1 9 7 7 .  . . . . . . . . . . . . . . . . .  B- 1 

Proposed  rule malting. Penicillin  streptomycin 
combinations  in  animal  feeds,  and  penicillin- 
streptomycin  premixes.  Opportunity for hearing. 
42 FR 29928-29929,  29999-30002, June 10, 1977. B-4 

Proposed  rule  making  and  opportunity  for  a  hearing 
on  withdrawal  of  subtherapeutic  uses  of  penicillin 
in  animal  feeds. 42 FR 43770-43793, August 30, 
1977. . . . . . . . . . . . . . . . . . . . . .  B- 9 

Proposed  rule  making  and  opportunity  for  a 
hearing  on  withdrawal  of  some  subtherapeutic 
uses  of  tetracyclines. 42 FR 56254-56289, 
October 21,  1977. . . . . . . . . . . . . . .  B-3 3 

Proposed  rule to limit  distribution of animal 
feeds  containing  penicillin  and  tetracycline  to 
feed  mills  with  approved  medicated  feed  applica- 
tions  and  to  restrict  distribution  to  order of 
licensed  veterinarians. 43 FR 3032-3047, 
January 20,  1978. . . . . . . . . . . . . . .  B-6 9 
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Overby  and  Frederickson (1963) note  the  almost  quantitative 
excretion  of  arsanilic  acid  as  the  parent  compound  by  chickens 
and  question  whether  the  compound  is  indeed  converted  to  an 
arsenoxide,  stating  that  the  latter  theory,  suggested  by 
Erlich in 1909, had  been  sanctified  by  reiteration,  rather 
than  verifying  research.  Ware (1975) states  that  the  pentava- 
lent  arsonic  acid  herbicides,  structurally  similar  to  roxarsone 
and  arsanilic  acid,  act  by  interfering  with  plant  phosphate 
adsorption  and  metabolism.  Whether  roxarsone  and  arsanilic 
acid  might  affect  plant or bacterial  metabolism in a  similar 
manner  is  not  known. 

A.2.10.4. Introduction  into  the  Environment 

A.2.10.4.1. Manufacturing  Wastes 

No  information  was  submitted  by  drug  sponsors  on  the  quantities 
and  types  of  wastes  introduced  into  the  environment  during  the 
production  of  arsanilic  acid  and  roxarsone.  The  arsenic 
trioxide  used  to  produce  arsanilic  acid  is  a  by-product  from 
the  smelting  of  primarily  copper,  but  also  lead  and  zinc  from 
ore  concentrates, At this  time  much  arsenic is lost in 
atmospheric  emissions  as  stack  gases  and  particulates.  Nelson 
(1977) reports  air  emissions  of 400 lbs/day  arsenic  from  a 
large  Tacoma,  Washington  plant,  the  sole  commercial  arsenic 
producer  in  the U. S., which  is  responsible for one  quarter of 
the  world  arsenic  production  (one  half  of U. S. consumption). 
Woolson (1977) repgrts  the  arsenic  air  emissions  of  the  same 
plant to be 2 x 10 g  &/year ( 4 . 4  x 10 lbs/year).  No  data 
are  available  on  liquid or solid  wastes  produced. 

5 

A.2.10.4.2. Occupational  Exposure 

No  data  are  available  on  the  levels  of  occupational  exposure 
that  occur  during  the  production  of  arsanilic  acid  and  rox- 
arsone  and  during  the  preparation  of  medicated  feeds.  Occu- 
pational  exposure  to  arsenic  among  miners,  to  farmers  exposed 
to  arsenical  pesticides,  and  to  patients  administered  arsenic 
in Fowler's  solution  has  been  identified  as  the  suspected 
cause  of  lung  cancer,  keratoses,  skin  cancer  and  angio- 
sarcoma  (Bencko, 1977; Pinto  et  al, 1977; Ishinishi  et  al, 
1977). These  associations  have  often  been  difficult  to ~ 

prove  because  of  other  possible  exposures  to  cancer-causing 
agents  and  due  to  the  difficulty  that  has  been  encountered  in 
producing  cancers  in  laboratory  animals  with  arsenic.  Further 
epidemiological  and  animal  studies  are  needed  to  assess 
the  degree of risk,  if-  any,  associated  with  the  preparation  of 
organic  arsenical  drugs  and  medicated  feeds. 
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A.2.10.4.3, Excretion  by  Target  Animals 

Data  are  available  detailing  the  metabolism  and  excretion 
of  arsanilic  acid  and  roxarsone  by  chickens  but  data  are 
incomplete  regarding  swine. 

According  to  a  number of studies,  arsanilic  acid  fed  to 
chickens is excreted  almost  entirely  as  the  unchanged  drug. 
Moody  and  Williams  (1964a)  obtained  79  and 74 percent  recovery 
in  excreta  of  chickens  fed  arsanilic  acid  at 100 mg/kg  body 
weight  and 50 mg/kg  body  weight,  respectively.  They  could 
not  detect  any  metabolites of arsanilic  acid  using  a  paper 
chromatography  method.  Overby  and  Straube141965)  fed  d9tbly 
labelled  arsanilic  acid  (4-aminophenyl-l-C  -arsonic-As 
acid)  to  chickens  and  found  that  chickens  do  not  cleave  the 
C-As bond  in  more  than  1% of the  administered  dose.  Similar 
results  were  reported  by  Overby  and  Frederickson (1963) with 
chicks  fed  doubly  labelled  arsanilic  acid.  In  this  study,  it 
was  also  found  that  arsanilic  acid  was  not  converted  to 
compounds  which  could  be  expired  by  the  test  chickens. 
Radiolabelled  arsenic  from  orally  administered  arsenate  was 
expired,  however,  Webb  and  Fontenot (1975) found an average 
of 40.4 ppm  arsenic  (on  a  dry  weight  basis)  in  excreta  from 
broilers  fed  either  arsanilic  acid  or  roxarsone. 

Overby  and  Frost (1960) studied  the  excretion  of  arsanilic 
acid  fed  to  swine  at 30, 60, and 90 grams  of  drug  per  ton  of 
feed.  At  all  levels,  they  found  that 5% or  less  of  the 
administered  dose  could  be  recovered  as  arsanilic  acid,  with 
the  remainder  of  the  excreted  total  arsenic  being  unknown 
metabolites.  This  unchanged  arsanilic  acid  could  be  detected 
in the  feces  but  not  the  urine,  Following  withdrawal  of 
arsanilic  acid,  arsenic  continued  to  be  excreted  in  large 
amounts  for 3 days  and  much  reduced  quantities  through  the 
12th  day  after  withdrawal, 

. . .., 
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Roxarsone (3-nitro-4-hydroxyphenylarsonic ac id )  when f e d   t o  
chickens w a s  found t o  accumula t e   i n   l i ve r  to  levels  comparable 
to   t hose   l eve l s   found  when twice the  dose of a r s a n i l i c   a c i d  
was administered  (Frost,  Overby,  and  Spruth, 1955). With both 
roxarsone  and  arsani l ic   acid,   l iver   concentrat ion  in 'creased 
with  dosage  level.  Kerr, Narveson,  and Lux (1969) examined 
arsenic   res idues  in   l iver ,   k idney,   muscle ,   and  skin of chickens 
fed  roxarsone.  Liver  and  kidney were found to   con ta in   t he  
g r e a t e s t  amount of a rsen ic   and ,   a f te r   wi thdrawal ,   a rsen ic  
l e v e l s   f e l l   r a p i d l y   f o r   f o u r   d a y s ,   f o l l o w e d  by a gradual 
decrease   for   the   next   t en   days   to  a roxarsone  concentrat ion  in  
l i ve r   abou t  0.13 ppm higher  than  that   found  for  nonmedicated 
cont ro ls .  Moody and  Will-iams (1964b) examined t h e  excreta of 
chickens  fed  roxarsone at: l eve ls   o f . -about  19, 38, and 75 mg/kg 
body weight. They found tha t   about  42-45% of the   o ra l   dose  
was excreted as unchanged  roxarsone  and 12-19% of t h e   o r a l  
dose was the  metabol i te ,  3-amino-4-hydroxyphenylarsonic acid.  
Together  these two compounds accounted  for  over 90% of the  
t o t a l   a r s e n i c   r e c o v e r e d   i n   t h e  excreta. Morrison (1969) 
examined l i t ter  from  broilers  receiving  roxarsone-medicated 
feed  and  found 15-30 ppm arsenic,   mostly  present as unchanged 
roxarsone. H e  found  the  arsenic   content  of feathers   f rom 
bi rds   fed   roxarsone   to   average  0.85 ppm. No da ta  are ava i l ab le  
concern ing   the   fa te  of roxarsone  in   swine  or   the  nature  of 
organic   a rsen ic  compounds excreted.  

From the  metabolism  and  t : issue  residue  data  available i t  
is appa ren t   t ha t   t he   t o t a l   a r sen ic   con ta ined   i n   roxa r sone  
and a r s a n i l i c   a c i d   f e d   t o   c h i c k e n s  and  swine is nearly  completely 
excre ted   (a f te r   about  two weeks  withdrawal  tissues are mostly 
f r e e  of a r sen ic ) ,   o f t en  as t h e  unchanged  drug in  chickens  and 
as unknown metabol i tes   in   swine   fed   a rsan i l ic   ac id .  

A.2.10.5. F a t e   i n   t h e  Environment 

Given tha t   nea r ly  a l l  a r s e n i c   f e d  t o  chickens  and  swine i s  
eventua l ly   excre ted ,   e i ther  as parent  compound or  metabol i tes ,  
and t h a t  some a r s e n i c  compounds are qui te   toxic ,   can  be 
bioaccumulated,  and are v o l a t i l e ,  i t  becomes important   to  
de te rmine   the   fa te  of these   excre ted   a rsen ic  compounds i n   t h e  
environment.  Poultry  and  swine wastes may accumulate   in  
f e e d l o t s ,   b e   t r e a t e d   i n  sewage  lagoons,   be   appl ied  to   agr icul tural  
land,   or   be   used as animal  feed. 
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Perhaps  the  major  recipient  of  animal  wastes  containing 
arsenic  residues  is  agricultural  soils.  Morrison (1969) 
calculated  that  the  arsenic  added  to  an  acre  of  soil  receiving 
4 to 6 tons  of  manure  from  arsenic-medicated  poultry  would  be 
100 to  150  grams,  or  an  increase  in  the  soil  of 1 to  2  ppm 
total As with  each  application.  These  levels  are  similar  in 
magnitude  to  arsenic  concentrations  naturally  present  (Woolson, 
1977). Morrison  (1969)  could  not  detect  significant  total 
arsenic  increases  in  soil-,  clover,  alfalfa,  or  drainage  water 
from  an  area  receiving  arsenical-containing  poultry  wastes  for 
twenty  years.  Woolson  (1.975)  examined  the  persistence  and 
chemical  distribution  of  arsanilic  acid  in  three  soil  types 
under  aerobic  and  anaerobic  conditions.  He  found  that  the 
arsenic  present  in  arsanilic  acid  is  degraded  to  arsenate  in 
all  soils  and,  in  one  soil,  also  to  a  volatile  organic  arsenical. 
The  evolution  of  odorless  volatile  organic  arsenicals  could 
not  be  ruled  out.  Degradation  to  arsenate  proceeded  more 
rapidly  under  anaerobic  (flooded)  conditions.  In  the  aerobic 
soils,  from 3.6 to  13.2  percent  of  the  original  application  of 
arsanilic  acid  could  be  detected  as  water  soluble  arsanilic 
acid  or  as  iron,  aluminum,  and  calcium  arsanilates  at  the  end 
of 32 weeks.  Iron  and  aluminum  arsanilates  predominated. 
Assuming  a  linear  rate of degradation,  environmental  half-life 
for  arsanilic  acid  would  be.116-129  days,  The  arsenate  degradation 
product  was  also  associated  primarily  with  iron  and  aluminum 
complexes.  Total  extractable  arsenic  decreased  with  time  in 
all  three  soils  (Woolson,  1975).  Woolson  (1977)  discusses  two 
possible  explanations  for  this  decline: ( 1 )  strong  complexation 
of  arsenate  with  soil  iron  and  aluminum  and  (2)  reduction  and 
biomethylation  to  volatile  compounds.  The  fate  of  soil 
arsenic  depends  on  such  factors  as  Al,  Fe,  and P concentration, 
pH,  rainfall,  soil  oxygen  content,  and  microbial  activity. 
Those  factors  which  promote  microbiological  activity  such  as 
high  organic  matter,  warm  temperatures,  adequate  moisture,  and 
those  factors  which  promote  chemical  reduction,  such  as  the 
anaerobic  conditions  created  by  flooding,  would  encourage 
biomethylation,  leaching,  and  volatilization  of  arsenic. 
Aerobic  conditions,  high  A1  and  Fe  content  (as  in  clays)  and 
neutral  or  basic  pH  would  encourage  complexation  of  arsenates 
with  aluminum  and  iron,  (See  also  section A.2.10.2). In 
summary,  organic  arsenicals  are  added  in  small  quantities  to 
agricultural  soil  when  manure  from  roxarsone  and  arsanilic 
acid  medicated  animals  is  applied,  These  compounds  probably 
initially  degrade  to  arsenate,  which  complexes  with  aluminum 
and  iron  in  the  soil,  Volatile  degradation  products  and 
biomethylated  metabolites  are  possible  as  well, 
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The 100-150 grams  arsenic  applied  per  acre  in 4 to 6 tons  of 
poultry  manure  raises  soil  arsenic  concentrations  by 1 to 2 
ppm  with  each  application.  The  arsenic  present  in  feedlot  and 
poultry  wastes  at  up  to GO ppm  (Webb  and  Fontenot, 1975) could 
pose a problem  as  it  accumulates  and  weathers  in  feedlots  or 
is  added  to  waste  management  systems,  such  as  anaerobic  sewage 
lagoons , Although  no  detailed  leaching  data  are  available, 
runoff  from  these  feed-lot  wastes,  and  effluents  from  lagoons 
could  conceivable  exceed  the 50 ug/l  (ppb)  arsenic  level 
judged  by  the  Environmental  Protection  Agency (1976) to  be 
safe  for  humans  and  aquatic  life.  Much  of  the  arsenic  entering 
anaerobic  sewage  lagoons  would  probably  be  biomethylated  to 
compounds  such  as  the  toxic  dimethylarsinic  acid  (cacodylic 
acid),  arsines,  and  arsenic  sulfides,  as  has  been  observed  in 
anaerobic  sediments  (Woolson, 1977). These  compounds  have 
been  shown  to  bioaccumulate  in  aquatic  organisms  to  a  consider- 
able  extent.  For  example,  Isensee  et a1 (1973) found  bioaccumu- 
lation  of  cacodylic  acid  and  dimethylarsine  in  algae  to  be 
about 1600 times  the  concentration  present  in  water.  Snails 
accumulated  these  compounds  between 100 and 450 times  the 
concentration  in  water.  Daphnia  accumulated  between  about 700 
and 2175 times  and  fish  from  about 20 to 50 times  the  concentra- 
tion of these  chemicals  fn  water, It is  interesting  to  note 
that  biomagnification  of  organoarsenicals  through  the  food 
chain  is  not  known to occur.  The  lower  members  in  the  aquatic 
trophic  levels  contain  the  highest  residues  (Woolson, 1977; 
Isensee  et  al, 1973). Biomethylated  arsenic  could  also  be 
volatile  and  leave  the  aquatic  system,  Therefore,  arsenicals 
in  sewage  lagoons,  feedlot  runoff,  and  receiving  lakes  and 
streams  can  be  bioacumulated,  precipitated  as  aluminum  or 
ferric  salt  or  sulfides,  or  volatilized. 

Poultry  wastes  are  also  being  used  as  feed  for  domestic 
animals  although  their  use  is  not  currently  sanctioned 
by  the  Food  and  Drug  Administration.  The  residues of drugs, 
including  organic  arsenicals,  present  in  these  poultry  wastes 
could  result  in  unapproved  tissue  residues  in  food  animals 
receiving  these  wastes  as  feed,  Webb  and  Fontenot (1975) fed 
poultry  litter  containing  arsenical  residues  averaging  around 
40 ppm  to  cattle.  They  observed  a  tendency  for  arsenic 
residues  to  increase  in  cattle  muscle  and  liver  as  the  percentage 
of  poultry  litter  in  the  diet  increas,ed  from 25% to 50%. 
There  is  currently  no  tolerance  level  for  arsenic  in  the 
tissues  of  cattle  used  for  human  food,  although  tolerances 
have  been  set  in  poultry  and  swine  where  the  drugs  are  approved 
for  use (21 CFR 556.60,  558.60,  558.530). 
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Summarizing,  the  environmental  fate of  organic  arsenical 
drugs  is  complex  and  involves  many  transformation  products. 
It  is  clear  that  initial  degradation  in  aerobic  environments 
of arsanilic  acid,  and,  probably  roxarsone,  is  to  inorganic 
arsenate.  This  step  can  be'followed  by  reduction  and  biomethy- 
lation  to  the  volatile,  organic  methlyarsines  which  are  also 
bioaccumulated  in  aquatic  orgnisms. 

Aluminum  and  iron  oxides  present  in  soils  and  water  are 
capable  of  at  least  partially  adsorbing  arsanilic  acid  and 
arsenate  degradation  products.  Biomagnification  of  arsenic 
compounds  through  food  chains  does  not  appear  to  occur, 
although  moderate  bioaccumulation  in  plants  and  animals has 
been  shown.  In  short,  the  arsenic  contained  in  organic 
arsenical  drugs  enters  the  arsenic  biogeochemical  cycle  along 
with  arsenic  from  natural  weathering,  pesticide  applications, 
mining  operations,  coal  combustion  and  smelters.  This 
biogeochemical  cycling  involves  transformation of arsenic  from 
one  redox  potential  to  another,  conversions  of  organic  compounds 
to  inorganic  and  vice  versa,  and  movement  through  air,  soil, 
water,  sediments  and  biota. 

A.2.10.6.  Effects  in  the  Environment 

The  environmental  effects  of  arsenic  compounds  contributed 
to  the  global  arsenic  cycle  from  the  use  of  organic  arsenical 
drugs  in  animals  are  not  easily  determined.  The  many  sources 
of  arsenic  in  the  environment,  a  relatively  small  proportion 
of  which  is  represented  by  the  amount  used  in  animal  feeds, 
and  the  vague  knowledge  of  the  quantities  and  environmental 
distribution  of  transformation  products  from  the  parent  drugs, 
make  the  determination  of  any  adverse  effects  confusing. 
Toxicological  information  is  available for some  organisms  for 
the  parent  drugs,  but  these  data  are  often  missing  for 
likely  transformation  products.  The  following  paragraphs 
examine  available  toxicology  data  and  then  attempt  to  relate 
these  to  exposure  levels  to  predict  adverse  effects. 

A.2.1.0.6.1. Toxicity  to  Mammals  and  Birds 

Frost,  Overby  and  Spruth (1955) reported  the  largest  single 
oral  dose  (body  weight  basis)  tolerated (40% mortality)  by 
rats,  chickens,  and  ducks  for  a  number  of  phenylarsonic  acid 
drugs : 
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phenylarsonic  acid 10 35 - -- 
arsanilic  acid 400 300-400 100 10 
3-nitro-4-hydroxy- 
phenylarsonic  acid  20 100 100 10 
(roxarsone) 

In 12-week  studies,  the  same  authors  found  growth  stimulation 
in  white  Leghorn  chickens  with  arsanilic  acid  at 0.01% (100 
ppm)  and  roxarsone  at  0.005% (50 ppm)  of  the  diet  but  growth 
inhibition  at 0.1% (1000  ppm)  and  0.95% (500 ppm)  arsanilic 
acid  and  roxarsone,  respectively.  In  a  similar  study  with 
turkeys,  the  authors  found  increasing  growth  inhibition  above 
0.01% (100  ppm)  arsanilic:  acid  in  the  diet  and  death  by  the 
third  week  at 0.1% (1000 ppm)  arsanilic  acid.  Frost,  Overby, 
and  Spruth  (1955)  also  report  that  dogs,  both  adults  and 
puppies,  could  tolerate 0.02% (200  ppm)  arsanilic  acid  for 
about 100 days  but  lost  weight  and  appetite  at 0.04% (400 ppm) 
dietary  arsanilic  acid.  The  authors  found  that  dogs  tolerated 
between  0.005%  (50  ppm)  and  0.01% (100 ppm)  roxarsone. 

The highest  organic  arsenical  concentration  (measured  as 
arsenic)  found in poultry  litter  by  Webb  and  Fontenot  (1975) 
was  about 60 ppm  with an average  concentration  of 40 ppm. 
Morrison  (1969)  found  15-30  ppm  arsenic  resulting  from  roxarsone 
medication  in  poultry  litter.  These  levels  would  be  within 
the  levels  tolerated  by  dogs,  rats,  chickens,  ducks,  and 
turkeys,  assuming  that  the  arsenic  present  was  in  the  form  of 
arsanilic  acid  or  roxarsone  and  not  more  toxic  transformation 
products. 

A.2.10.6.2. Toxicity  to  Invertebrates 

No accurate  information  was  submitted by drug  sponsors  or 
could  be  found in the  literature on the  toxicity  of  arsanilic 
acid,  roxarsone,  and  their  probable  transformation  products  to 
terrestrial  and  aquatic  invertebrates.  Based  on  introduction 
of  the  drug  residues  primarily  to  agricultural  soils  and  the 
potential  for  plants  to  bioaccumulate  arsenic,  one  would 
expect  soil  invertebrates,  such  as  earthworms,  to  have  highest 
exposure  to  arsenic  residues,  followed  by  root  and  forage 
feeding  insects. 
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A.2.10.6.3. Toxicity  to  Microorganisms 

. 

No accura t e   da t a  were submitted by drug  sponsors  or  could  be 
found i n   t h e   l i t e r a t u r e  on t h e   t o x i c i t y  of a r s a n i l i c   a c i d ,  
roxarsone,   or   their   probable   t ransformation  products   to  
microorganisms  present i n   s o i l s  and  aquatic  environments. 
Based on the  non-specific mechanism of ac t ion  (A.2.10.3.1, i t  
is p o s s i b l e   t h a t   f o r  some transformation  products,  many 
microorganisms  could  be  affected by s o i l   a r s e n i c .  For  example, 
a rsen ic   t r iox ide   has   been   used   in   the   pas t  a t  t he   i nc red ib l e  
rates of 400 t o  800 p o u n d s   p e r   a c r e   f o r   s o i l   s t e r i l i z a t i o n  
(Ware, 1975). As shown earlier, the  drugs are used t o   c o n t r o l  
the   bac te r ia   respons ib le   for   swine   dysentery  (Treponema 
hyodysenteria).  

A.2.10.6.4. Toxicity  to  Plants  and  Algae 

There are some s t u d i e s   t o  show the  bioaccumulation  and  phyto- 
t o x i c   p o t e n t i a l  of va r ious   a r sen ic  compounds. The s o i l  
t y p e   i n  which  the  plants are growing a f f e c t s   t h e   a v a i l a b i l i t y  
of a r sen ic   fo r   up take  by plants   and,   therefore ,   the   phytotoxic  
e f fec ts   observed .   Phyto toxic   e f fec ts  are, therefore ,  more 
l ike ly   to   be   observed   in   sandy,  low c l a y   s o i l s  (Walsh 

crops  and  var ious  soi l   types   where  arsenic  w a s  found t o  
depress  yield  (Table X I X ) .  S o i l   a r s e n i c  was measured e i t h e r  
a s   t o t a l   a r s e n i c ,  water so luble   a rsen ic ,   o r   "ava i lab le   a rsen ic"  
ex t rac tab le   wi th   ac ids .  

-9 a1 1977). Walsh e t  a1 (1977)  present  data  for  commercial -- 
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Table XIX 
Arsenic  Concentrations  Found  to  Depress  the  Yield 

of  Various  Crop  Plants 

Crops 

Blueberry 

Cotton 

Cotton 

Soybean 

Soybean 

Potatoes, 
sweet  corn 
Snapbeans, 
peas 
Corn 

As conc.  where  significant  yield 
Soil type  depressions  occurred,  ppm 

Water 
Total  Soluble  "Available" 

As As As 

sand 44 6 - 
sandy  loam -- 8 I 

clay -- 28 - 
sandy  clay -- 3 -- 

clay -- 12 - 
sand 68 - 22 

sand 25 -- lo 

13 soils 85 - 10 

Colt  on  loamy 

Amarillo  fine 

Houston  Black 

Amarillo  fine 

Houston  Black 

Plainf  ield  1.oamy 

Plainfield  loamy 

Average  of 

Potatoes,  cabbage,  tomatoes,  carrots,  tobacco,  rye,  Sudan  grass, 
and  grapes  are  highly  tolerant to soil  arsenic;  strawberries, 
corn,  beets,  and  squash  are  moderately  tolerant;  and  onions, 
cucumbers,  and  legumes  have  low  tolerance.  The  highest  concen- 
trations  of  arsenic  are  found in plant  roots,  intermediate  levels 
in  vegetative  tissues,  and  the  lowest  levels  in  seeds  (Walsh  et  al, 
1977). Peas  grown  on soil containing  approximately 150 ppm As con- 
tained 0.18,  0.88, and 2.14 ppm As (fresh  weight  basis) in  seeds, 
pods,  and  vines,  respectively.  Beans  grown  on  the  same soil con- 
tained 0.07,  0.79, and 1.92 ppm As (fresh  weight  basis) in seeds, 
pods,  and  vines,  respectively.  Even  though  the  arsenic  addition 
caused  yields  to  decrease  to  approximately  half  of  control  plots, 
the  above  ground  portions  of  the  plants  did  not  exceed U.S. Public 
Health  Service  tolerance  levels  for  arsenic  in  edible  plant  material 
(2 .6  ppm). Walsh  et a1 (1977) conclude,  therefore,  that  phytotoxicity 
occurs  before  levels  of  arsenic  harmful  to  man  are  bioaccumulated. 
No controlled  laboratory  data  are  available on toxic  concentrations 
of  arsenic  compounds  for  various  species  of  algae.  Sodium  arsenite 
has  been  used  for  years  as  an  aquatic  herbicide  and  algacide.  Cowell 
(1965) found 4.0 mg/l  (ppm)  sodium  arsenite t o  be  toxic  to  the  algae 
Cladophora,  Spirogyra,  and  Zygheus.  Data  on  arsenate,  the  arsenic 
form  that  should  predominate  in  aerobic  waters,  are  not  available 
on  toxic  levels  to  algae  or  aquatic  plants,  however. 

-- 



APPENDIX C. GLOSSARY 

abbatoir - slaughter-house. 
absorption-  to  take  up  chemicals,  especially  assimilation  through 

a  tissue  or  cell, 
acetylation - chemical  addition  of  acetyl  groups. 
acidosis - a  condition  in  humans  and  animals  in  which  the  alkali 
acute  toxicity - adverse  effects (e.g. mortality)  following  single 

adenyl  transferase - enzyme  transferring an  adenylate  group or adenine, 

reserve  of  the  body  is  below  normal,  severe in cattle  diarrhea. 

high  dosage  of  a  compound  to  test  animals. 

thereby  changing  structure  of  ribosomal RNA so an  aminoglycoside 
drug  such  as  streptomycin  cannot  attach. 

in  a  pharmacological  mixture. 

stance  to  a  surface. 

adjuvants - a  substance  added  to  aid  the  action  of  the  main  ingredient 
adsorption - adhesion of molecules  of  gas,  liquid,  or  dissolved  sub- 
albinism - mutation  giving  absence  of  pigmentation. 
aliquot - a  definite  part  of  a  whole. 
allergic  hypersensitivity - acquired  state  caused  through  altered 

reaction  by  the  immune  system  to  a  foreign  environmental  chemical 
against  which  the  body  has  become  sensitized  by  prior  exposure. 

thereby  changing its structural  conformation.  Action  of  this 
enzyme  in  penicillin  leaves  a  molecular  skeleton  on  which  semi- 
synthetic  compounds  can  be  built. 

amidase - enzyme  acting to split  an  organic  amide  from  a  molecule, 

anaerobe - an  organism  growing  without  oxygen. 
anaphylaxis - a  serious  allergic  reaction  to  a  foreign  protein  which 
angioedema - edema  (large  amounts  of  tissue  fluid)  caused  by  neurosis 
avirulent - lack  of  abiljity  of  an  infectious  agent  to  produce  path- 
bactericidal - able  to kill bacteria. 
bacterin - a  vaccine  of  killed  bacteria  inoculated in an  animal  to 

bacteriophage - bacterial  virus. 
bacteriostatic - inhibiting  the  growth  or  multiplication  of  bacteria. 
buffer - solution  capable  of  neutralizing  both  acids  and  bases  with- 

out  changing  original  acidity  or  alkalinity  of  a  solution. 
bioaccumulation - total  accumulation  of  chemical  within  a  living 

organism  from  both  the  surrounding  environment  and  from  the 
organism's  food  supply. 

callus - a  hardened  new  growth,  as  on  a  plant. 
carnivora - meat-eating  animals. 
carotenoids - red  and  yellow  pigments  and  some  pigments  resembling 

carotene  present-in  most-plants,  transformed  to  vitamin A in 
the  liver. 

may  result  in  shock  or  death. 

affecting  primarily  blood  vessels. 

ological  effects. 

produce  a  state  of  immunity  against  that  organism. 

catalyzed - chemical  change  accelerated  by a substance  such  as  an 
enzyme. 
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chelation-  covalent  combination  of  metal  and  nonmetallic  ions 
to form  a  complex. 

chlamydia - primitive  small  bacterial  pathogens  which  live  in- 
tracellularly, 

chlorophyll - the  green  pigment  of  leaves  and  plants;  important 
in the  production  of  carbohydrates  by  photosynthesis. 

chlorotic - abnormally  pale  color  of  plants  from  failure  to 
develop  chlorophyll. 

chromophore - a  chemical  group  which  confers  color  in  a  compound. 
chronic  toxicity - adverse  effects  after  long-term  low-dosage, 
coagulase - an  enzyme  accelerating  blood  clot  formation. 
coccus - a  round  bacterium  (in  contrast  to  rod-shaped one). 
coleoptile - a  protective  covering  which  surrounds  the  young 

seed  leaf in  sprouting  seeds  of  monocotyledonous  plants 
only,  such  as  grasses,  corn  or  grain. 

colonization - an aggregate of  bacteria  growing  together  as 
descendents  of  a  single  cell  and  settling in  a  certain 
area,  such  as on a  bacterial  plate  or on the  intestinal 
epithelium. 

coliform - a  Gram-negative  rod-shaped  bacterium  generally  found 
in  the  intestine;  often  used  synonymously  with E. coli  and 
closely  related  mem0ers  of  the  Enterobacteriaceae. 

in  which  one  is  benefited by  the  relationship  and  the  other 
is neither  benefited  nor  harmed. 

compatability  group - plasmid  classification  based  upon  whether 
plasmids  can  coexist  in  same  cell. 

conjugation,  bacterial - the  mating  by  contact  of  bacteria  during 
which  genetic  material  is  exchanged  by  means  of  plasmid 
transfer,  sometimes  resulting  in  phenotypic  change. 

compounds. 

by  cellular DNA, 

a  drug  resistance  due  to  chemical  similarity. 

chemical  similarity  of  the  foreign  compounds  (antigens). 

commensalism - a  close  association  between  two  kinds  of  organisms 

conjugation,  chemical - the  joining  together  of  several  organic 
constitutive  enzyme - an enzyme  which  is  always  being  produced 
cross-reaction - compounds  sharing  either  an  immune  response  or 
cross-sensitivity - sharing  an  immune  response  due  to  close 
cryodesiccated - freeze-dried. 
curare - a  plant  substance  arresting  the  action  of  the  motor 
cuticle - ( 1 )  a  thin,  continuous,  fatty  film on the  exte'rnal 

nerves  which  lead  to  muscular  activity. 

surface  of  many  higher  plants; (2) the  non-living,  tough 
outer  covering  of  an  insect. 

oxidations  or  respiration. 

(plants). 

cytochrome - an  enzyme  catalyzing  important  intracellular 
deciduous - not  permanent  (teeth);  shedding  leaves  annually 
diffusion - simple  process  of  random  movement of molecules. 
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No d a t a  were submitted  or  found  that   directly  measure  the 
phyto toxic i ty  of a r s a n i l i c   a c i d  and  roxarsone  added t o  
s o i l s .  We do  not ‘know whether  these compounds are more o r  
less toxic   than   the i r   poss ib le   t ransformat ion   products .  
Furthermore,  the rate of t ransformation of t he   d rugs   t o  
o ther   a rsen ic   forms  and the   p ropor t ions  of var ious   t ransfor -  
mation  products  found  (each  with a d i f f e r e n t   t o x i c i t y )  
var ies   wi th   so i l   type .   Therefore ,  i t  is not   poss ib le   wi th  
a v a i l a b l e   d a t a   t o   d e t e r m i n e ,   f o r  example, t h a t   r e s i d u e s  of 
one  drug  present   in   poul t ry  wastes, when a p p l i e d   t o  a 
s p e c i f i c   s o i l   t y p e  a t  a spec i f i ed  rate f o r  a def ined  per iod 
of time, w i l l  b e   t o x i c   t o   c e r t a i n   s p e c i e s  of p l an t s .  Based 
on t h e   l e v e l s  of a r s e n i c   n a t u r a l l y   p r e s e n t   i n   s o i l s  and 
t h o s e   l e v e l s   p r e s e n t   i n   p o u l t r y  and  swine wastes, i t  can  be 
concluded  that   such  phytotoxic   effects  would be rare events.  
Sandy s o i l s   w i t h   c a t i o n  exchange  capacity  too low t o   e f f e c -  
t i ve ly   immobi l i ze   a r sen ic   t ha t   a l so  are r ece iv ing   a r sen ic  
res idues   f rom  o ther  man-made o r   na tu ra l   sou rces  would 
probably  be most l i k e l y   t o  show a d v e r s e   e f f e c t s  when a r s e n i c  
residues  from  animal wastes were appl ied.  

A.2.10.6.5. Drug Resis tance 

The occurrence of a r sena te  and a r s e n i t e   r e s i s t a n c e  on t h e  
penic i l l inase   p lasmid  of Staphylococcus  aureus  has  long  been 
recognized  (Novick, 1967; Novick  and  Roth 1968). More 
r ecen t ly ,  Hedges  and Baumberg (1973) have  found  arsenate 
and a r s e n i t e   r e s i s t a n c e  on an E. co l i   t ransmiss ib le   p lasmid  
in   con junc t ion   w i th   t e t r acyc l ine  and  streptomycin  resistance.  
These  s tudies  were ca r r i ed   ou t  on an E. c o l i   s t r a i n   i s o l a t e d  
by Elek and  Higney (1970) which  had  been  found to   be   h ighly  
r e s i s t a n t   t o   a r s e n i c  coumpounds. Recent ly ,   t ransmissible  
a n t i b i o t i c   r e s i s t a n c e   i n   c o n j u n c t i o n   w i t h   t r a n s f e r a b l e  metal 
r e s i s t ance   has   a l so   been   found   i n  a Salmonella  typhimurium 
(McHugh e t  a1 1975) and Pseudomonas (Stanisch 1974) i s o l a t e d  
from humans. 

Because of t he  common usage of a r s e n i c a l s  as a f eed   add i t ive  
f o r   p o u l t r y  and swine, i t  was of i n t e r e s t   t o  see whether 
t r a n s m i s s i b l e   r e s i s t a n c e   t o   a r s e n i c  compounds o c c u r s   i n  E. 
c o l i  of these  species,   and  whether i t  is indeed   l inked   to  
p l a smid   an t ib io t i c   r e s i s t ance .   I f  so ,  the  development  of 
a r sen ic   r e s i s t ance   migh t   r e su l t   i n   t he   s imu l t aneous  development 
of an t ib io t i c   r e s i s t ance ,   even   i n   t he   absence  of a n t i b i o t i c  
pressure.   Prel iminary  s tudies   suggest   that   the   use of organic  
a r s e n i c a l s   i n   c h i c k e n   f e e d   s e l e c t s   f o r  E. c o l i   r e s i s t a n t   t o  
i no rgan ic   a r sen ic  salts and some p lasmids   t ransfer   bo th  
r e s i s t a n c e   t o   a r s e n i c  and t o   a n t i b i o t i c s   ( T a i ,  1977). 
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. .. ' :s..~b restfict the use of the tetracy- 

viable  altem&tiveS: 
clines to situatiw where  there are no 

3. TO impose restrictions on the dis- 

4. TO expedite  implementation of the 
drug efficacy study implementation 
(DESI) notices  Proposing to withdraw 

' , approval of all penicillin and t e t r ~ y -  
cline-combination  products that lack evi- 
dence of effectiveness. 

The  agency will assess .'the  environ- 
mental  impact of each separate action 
in the implementation  procedure. But 
the proposed actions will rktrict  the 
subtherapeutic use of antibmteriah in 

. ' animal  feeds in a manner that will mini- 
mize any Pqtential  public. health mob- 
lems that are associated with the devel- 

. . bscterh in the environment. F'or these 
opmbt.  and spread of drug-resistant 

. -0118, it may . b e  possible t o -  consider 
the.@!aSs of actions as a single program. 

. . ,Under the National Environmental 

(1970) 1, the Commissioner is required .to 
rrssess .We enviromiental impact of the 

. whether .there is a significant effect on 
agency's: -major actions to determine 

the .quality- of- the .human environment 
--<<-and decide if , 8 1 2  &Mronmental  impact 

statement is necessary. Moreover, 
the<:council on Envirohmentd Quality 
(CEQ) .: guidelines  suggest that agencies 

$&- carefully  defme the scope of the actions 
'' that will most  appropriately  serve as the 

s&ject of an EIS (40 CFR 1500.6(d) 1. 
I Sevqal-factors in this case favor gather- 

ring information and preparing a compre- 
. ' hens'ive =:on the g e n m  use of'anti-, 

bacterial drugs .in animal feeds. Briefly, 
. they  are'as'follows : 

, '.I. The subtherapeutic .&e of ktibac- 
terials . i n  aniinsl feeds is widbread. - .2. Although the presence of bkcteria 

-.' bacterials has bty demonst+xl. -the 
~ .that  are resistant' to one or more anti- 

importance of this 3s strongly.  debated. 
,, Further, the magnitude of any &@e on 

. the public health stemming  from the de- 
velopment of drug-resistant  bactefia *in ' 

.' . ,' the ,environmwt is largely unknown but 
potentifly significant. 

tetracyclines,- are Primarm excreted in- 
tact ,by .the .target ~~ the efkt of 

... drug residues on soil miemflora, includ- 
- . ing.  the-,possible development of drug- , resistant nonenteric' bacteria, is largely 

'.shift, in drug production and drug use 
.'to alternative  antih&erials that are not, 

.' tribution and use of. the remaining uses 
. . of penicillin and tetrac~~llne; and 

policy . Act of 1969 (42 U.S.C. I 4321 

. . . . .  3;::Although Sorpe antib&te&.  e&. 

. .  .unknown' . x .  

. . . . .  :.:.4. The proposed actions may cause a 
. -  - . -  

. .  

' . &tensiveW:used today: \ .  

- . ;-'Bas&.'on these facts, the ggency has 
...... concluded that it IS required to deter- 

. sigdificrintly  affect the quality of th u-- 
: - mine  wbether its, proposed actions w. 

m&n 'environm@t. -This,,:detewa % on 

' .ne@ for the preparatipn of .ai;- EIS, and 

- . . information as .:%on,' possible. For 
cY.bgln Public  discussion  and  gathering 

..... ... .. .?c;>->". ;.&. .! ..<,..-k.; 

. . . .  v* . . .  .e.-. . .' .. 

-_ ..................... i' . 
i . 

. . . .  , . *::; :, <.: ..I .PROPOSED ACTION 
. .  

... :-.is-,pecessary..to .the -evduation--of the 

thb CEQ gUidelines'suggeSt that.= m- 

- ~ , .., --: . . .  ,'-..,. . 
. .  z ........ 

. .  , .* . . 
.:- . I  , : . . 

- these  reasons, the commissioner is elect- 
' h g  to publish B single call for informa- 
tion on the preparation of a cowre- 

of Slitibacterials~in'animal feeds. If a 
hemiive EIS pn the subtherapeutic use 

' s e e k  to determine. the environmental 
.statement is necessary, it would first. 

impact of the' antibacterials  currently 
.. approved for subtherapeutic use; then it 

would  examine any changes in the im- 
pact' that can be  expected from  the 

ner, an EIS would  be able to evaluate 
agency's  proposed  actions. In this man-- 

comprehensively the cumulative  en- 
vironmental  effects of such  -antibacterial 
use in the environment.. This approach, 
is superior to preparing. EIS's limited to 
individual drugs.  involved in S e P d k  
actions because each individual impact 

not always  be  separated. For example, 
may be so closely related that they can- 

the spectra of antibacterial a~tiviW 
overlap;  croSs-resistance map OCCUr: 
and transferable.  .plasmid-mediated, 
multiple  resistance has been demon-, 
stfited. Furthermore, -these drugs are all 
wed in the same local environments for; 

--.the same purposes, Le.. PrfnCipW for 
preventing the same disesses and for 
promoting growth and improv+g  feed 
efficiency. 

that may  be avaiIablei-In  addition, he e: 
.quests environmental  anformation on 

for  subtherapeutic use in animal feed.' 
any other antibacterial drugs approved 

&&AT FOR sXlL&ISSIO~ . j 
ne.agencyhas the authority to refuse' 

to file or approve a new animal drug ap- 
plication (NADA) unless it is accom- 
panied by an appropriate environmental 
impact  assessment report (EIAR) , and 
this requirement is being  applied to all 
previously  approved  new animal drugs as 

filed (for a discyssion of the agency's 
appropriate supplemental NADA's are 

authority, see the FEDERAL REGISTER of 
April  15,1977 (42 FR 19986) ). Therefore, . 
the Commissioner requests that all hold- 
ers of  NADA's for the above listed drugs 
who  have  never filed an EXAR for the 
subtherapeutic use of their product  sub- 
mit such  reports at this time. For holders 
who have previously  submitted EIAR's, 
the Commissioner  requests any addi- 
tional envimnmentd information. gam- 
ered  since the EIAR was filed. .All sub- 
missions  should  follogr the  format in 
the environmental d t i o n s  (21 CFR .-  
25.l(j)-see -the REGIS-. of: . - 

cific  emphasis on the following topics: 
1. Introduction into  the envirm.ment. . 

April 15.1977 (42 FR .19g90) 1, W i t h  ~ p e - ,  ._ 

. - DRUGS AFFECTED (a) .Total quantity of the drug pioduced 
The  drugs  targeted for.direct agency 

action and most of the drugs that may be 
used as replacements  were initially ap- 
proved for marketing before enactment 
of the National  Environmental  Policy  Act 
and.promtllgation of the agericy's  imple- 
menting regulatiops. To supplement the 
extensive information that the agency 
has already- gathered on. the+ drugs,  
therefore, the Commissioner .Is request- 
ing fiiformation  about -the .pot&tial en-. 
vironm,ental  impact  of. all drugs that will 
be affected by the sgencyrs ~ r o m e d  ac- 
tions either directly or indirectly. 
questing  environmental  impact infor- 
. Accoi-dingiy, . the Commissioner is re- 

mation on the following  drugs: 
( 1) Drugs directly aflected : 
(a) Penicillin; 

(c) Combination' d r u g s .  containing 
(b) Tetracyclines; and 

penicillin or tetracycline. e.g., chlortetra- 
cycline-sulfamethazine . (or sulfathia- 
zole)  -penicillin.  oxytetracycline-neomy- 
cin. and penicillin-streptomycin. 

(2) Dmgs indirectly  affected: 
(a) Bacitracin  (zinc  and  methylene 

'(b) Erythromycin ; 
(c) - Flavomycin ; '.< 
(d) Carbadox; ; 
(e) Oleandomycin; 
(f) Tylosin; 
(g) Poloxalene; 
(h) Sulfaquinoxaline; . . . .  

'(i) Hygromycin: . - 
(j) . Sulfdmethoxhe-oimetoprim; 
(k) Arsenicals; and. i 
(1) Lincomycin, for use inpo~ltrg. . 

Po@tial  alternatives monensin, virgi- 
The--envjronknental Momation on the 

'niamycin. and l i n c o m s c i n .  (for  swine) 
has 'been submitted, but the, Commb- 
SiOner  welcomes i b y  sUPplemen,$ary data 

disalicylate) ; . 

. .  

, '. : . :. j. . I . . .  

for all uses, portion used subtherapeuti- 
Caus in animal feeds, and the relative 
'magnitude of other uses, Including any 
uses 5n humans; (b) pollutants  gener- . 
ated and re- consumed by the 
maufacture of the drug, premix, and 
medicated feed, including  energyusages; 
(c) routes through w5ich the drug may ~ 

' pass into the .environment, and any data 
to Quantify the.  amounts of the drug and. . .  
its primary mehbblitaS passing through 
each route.  (Ftssible  source points for 
such  routes  include releases during man- . 

mixes and medicated feeds, animal feed-- ,-~ .- 
ufacture of the d r u g s ,  preparation of pre- 

ing, and excretion by target -animalk). - 
2. Fate in the environment. (a) Mobil- 

ity of the drug and its primary metaw- 
lites i n .  the environment,  measured by; 
such factors as leaching potential, va--: 
porizatim, and adsorption to soils; -(b). ,. 

stability  and  persistence of the drug and. 
its primary metabolites in those environ-.; 
ments  where it is determined that they; . 

are introduced or tihose enviroxunents .to, . g 
which it is subsequently transpoW;..(~);~: 
potential  for .the drug pr its prhpary- -- 
me@bolites to be accumulated  or..bio-::.:: 
concentrated by plants, animals. .vd,;.i;;i.: 
microorganism.  .measured by such fac-p:.': 
tors as lipid/Water  partitioning or stud-.; :<'.:- 
ies with animals. 
3. Envfronmental effects- (a) Effects of.. :$ 

the and its primary  metabolites on-::;- 

e c o l z  processes,  such as freshwat&$?@ 
algae,  nitrogen-fixing .. and. ~ nitrifying::$?-. 

sible for nutrient mineralization. higher5&. 
plants, and, soil.invert&rates; (b);effectsg'+& 
that are important 'to man as.$o&k@r&:2g 
on fish, mammals, and-other vertebpteg%&j 

or o r g m  that are of m e t , i c .  :w<&*~; food for.human food-producing animals&% 

terest to man,  or of interest fof-;th,ek.-,+ 

I.-. 
:- .~ 2 .  ;,4 ,y< - . ' . - - ,..::. .+,-. 

Org functionally important to ke,y$5% 

bacteria., SOU fungi. and he respbn-?Cig 

'I. 
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PROPOSED RULES 

. 

&Led in the Endawered Species tist) ; 
unique~~fs or riuity tsuch as organisms 

( c i  indirect, effects OLA populations of or- 
ganisms rtnd communities that might 
arise from the subtherapeutic  use of the 
drug. 
In addition to the data submitted, in- 

formatiort should be supported to the 
. extent passible by the published refer- 

ences or unpublished submitted studies. 
Statements or opiniors that are unsup- 
ported by Y a c t u a l  information are w- 
ceptable. but of less use to the 
Commissioner. 

Any innterestecl persons who have in-  
ionnation  relating to any of the specific 
requests listed above, regardless of 
whether they can supply data relating to 

, s m d .  Interested persons may, on or be- 
all the requests, are encouraged to re- 

fore (July 26. 1977. submit to the Hear- 
tng Clerk (MFC-20). Food and Drug Ad- 
mintstration, R.m. 4-65. 5600 Mshers 
Lane.  Rockville. MD 20857, wri n com- 
men& (four copies and  identi Y ed with 
the Hearing Clerk docket  number found 
in brackets in the heading of this doc- 
tunenu regarding this notice. Received 
comments m y  be seen in the above of- 
fice between 9 a.m. and 4 p.m., Monday 
through Friday. 

Dated: May 19. 1977. 
DONALD KENNEDY. 

Commissioner oj Food and Drugs. 
r r n  ~oc.77-16093 m1ed 5--26-n:8:45 a m 1  
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PROPOSED RULES 

[ 21 CFR Parts til0 and 558 3 
IDocket No. 77N-0167) 

COMBlNATlONS IN ANIMAL FEEDS 
Proposed Ruic Making 

AGEXCY: F’ood nnd Drug a \ c l r~~ i~~b t ra -  
t lon 
ACTION: ProGoscd  rule. 
S U M M A R Y :  This is a proposal to amend 

lek the PrOVlSiOnS which provide for the 
the new animal  drug regulatiolls to de- 

tlom in animal feeds. There is lack of 
Use Of penicillin-streptomycfn combina- 

substantial evidence that these products 
a m  effective as fixed combinations. A 
nOtlCe of opportunity for hearing on the 

combhations is published elsewhere in 
propased withdrawal of approval of these 

this issue of the FEDERAL REGISTER. 
DATE: Comments by July 11,1977. 
ADDRESS: Written comments to the 
Hearing Clerk (HF’G20). Food and Drug 
Administration. Rm. 4-65, 6600 Ffshers 
Lane. Rockville, MD 20857. 

m R  F’URTHER INFORMATION CON- 
TACT: 

PENICILLIN-STREPTOMYCIN 

Donald Gable, Ofike of the Associate 
Director for Gcientiflc Evaluation 
(HFV-100). Food and Drug Admink- 
tration,  Department of Health. Edu- 
cation.  and Welfare, 5600 Fishers 
Lane. Rockale. MD 20857 (301-443- 
4313). 

SUF”UNENl’”ENTILY ZNFY)RMATION: 
Elsewhere ill  this issue Of the m D E R A L  
WGISTER, the Director of the  Bureau of 
Veterinary Medicine, Food and  Drug 
Administration, is issuing a notice of op- 
portunity  for  hearing  on a p r o p a l  to 
withdraw  approval of new animal  drug 
applications (NADA’s) for  penicillin- 
strcptomycin premixes incluciing NADA’s 
46-667, 46-981. and 4S-726, and DES1 
0037 N V  on the grounds that new infor- 
matioil, evaluated  togethcr  with the evi- 
iience  available at the time of their 

stantial evidence that  the  drug products 
approval, shows there is D lack tif cub- 

tlons  under  the conditions prescribed, 
are eflective for use as fixed ”onibina- 

rccommended. or suggested in thc  labe!- 
ing. 

Consistent  with this action, the Direc- 
tor is hereby proposing to amend  the 
regulations by deleting the provisions 
which provide for  the use of such d r u g s .  

Therefore. under  the Federal Food, 
Drug, and Cosmetfc  Act (sea. 507, 512. 
59 Stat. 463 as amended. 82 Stat. 343- 
351 (21 U.S.C. 357, 36Ob)) and  under 
authority delegated 60 the Commissioner 
(21 CPR 5.1) and redelegated to the Di- 
m o r  (21 e m  5.84). it is progosed that 

- - . . . . . . . 

I 

parts 510 and 558 of Chapter I of “ltle 
21 of the Code of Federal RegulatfOnS 

amended as follows: 
PART 510-NEW ANIMAL DRUGS 

$ 510.515 l , tmenddl  
1. In  Part 510. 5 510.515 Anima? feeds 

>curing or contnining new nnfm.ul drtcgs 
su1Tject to the pt-ool~isions of scction 512 
(nj of the act is amended: 
!a, By deleting  from  the  Introdilctory 

text  the  phrase “strelit.omycir1 i n  com- 
bination with penicillin;’. 

cb) By deleting from paragraph (b) 
(7) (i! the phrase. “or not, less than 90 
grams  nor more  thRn 180 grams of peni- 
cillin nnd  streptotnycin in a combination 
containing 16.7 percent penicillin.” 

(c) B y  revoking paragraph (b) (7) ( i )  
(C) . 

(d) By revoking from  the  table in 
paragraph ( c )  items 5, 6, 7. and  mark- 
ing each “Reserved.” 

PART 55&NEW ANIMAL DRUGS FOR 
USE IN ANIMAL FEEDS 

5 538.15 CAmeniIalI 
2. In   Par t  558. 9 558.15 Antibiotic, 

nitrofuran, and sulfonamide drugs in 
the feed of animnls is amended: 

(a) By deleting  from  the  table in 
paragraph (glc1) the  ently  under Mlzer. 
Inc.,  for  the  drug premix “Penicillin and 
streptomycin.” 

graph (g’(1) the  entry under Merck 
(b) By deleting  from  the table i n  para- 

Sharp & Dohme Research Labs. for the 
drug premix  “Procaine pcnicillin and 
streptomycin  sulf&te.” 

(c) By deleting  from  the  table i n  gnr- 
agraph ( g )  (2) all  entries  under Merck 
Sharp & Dohme Research Iabs. and 
Pfizer, Inc., for the pmcainc penicillin/ 
streptomycin  combination. 

id)  By deleting from the  table in para- 
graph ( g ) ( 2 )  the entry mder  Merck 
Sharp dt Dohnle Research Labs. for pro- 

acid combination. 
caine pe~~icillIn/strr~Lort~~cin.::~rsat~ilic 

(e i  By deleting from the tnble in  parn- 
graph ( g )  (2) the two entrics  under 
Pfizer.  Inc.. for prnicillill-s!.~cytnillScill 
combinatioils. 
9 538.55 I .\rtlcnclcull 

nmeuded by c!clet.ing iron1 tllc table in 
3. Section 558.55 A t ~ ! p ? o ~ i x t n  is 

paragraphs  (e) !2) t i ) .  !ii). ntid civ) t!lc 
entries  for  the penic.illin pii;s stwpto- 
mycin combfr:ations. 
$ 353.53 ~ .~ f : l r l ldcd l  

cthopabnlc is arnencltd by delcting  from 
4. Section 558.58 Amllr-ditrtn and 

the  table  in  paragraph ( e :  (1) ! i i i )  the 
entry  for  the  pcnirlllin pli:.s strcpt,n:nycln 
combination. 
8 .XX.2i.t [ . \ 1mxdvdl  

5. Section 558.274 f I y g r w l ? / c i f l  B is 
nmmded by delrting from t.he t.able fn 
paragraph ( e ) ( l ) ( i )  the cnt1-y fur tine 
pencillin plus streptomycin  combination. 
$ >>o.&o [ : i Y I M * ? B < l d ]  

amended by deleting h the  tnble in para- 
6. Section 558.460 Puricillin is 

graph ( f )  (1) iten% (1). (in,  (vi), (vi 
(ix). (x). and (xi) and marking  ea 
item “Reserved.” 

July 11. 1977. submit to the  Ileari 
Interestd persons may, on or befc 

Clerk (H3C-20). Fotd and Drug A 
ministration, Rm. 4--65. 5600 Fisht 
Iane. Rockville. MD 20857. Irritt 
comn1ents regarding this Ijroposal. Fc 
copies of all conlmenk  shall be su 
mitted, except tllat individuals may SL‘ 
mit  single copies of comments. and sh 
be identified with the Hearing Cle 
docket nmnber  found in brackets 
the heading of this  document. Commer 
pertaining to issues which are  the su 
ject of the  related  notice of opportun: 
for  hearing published elsewhere in tl 

flied in accordance with that notice. R 
issue of the FEDERAL REGISTER shall 

ceived comments  may be seen in t 
above ofiice betweeu the  hours of 9 a. 
and 4 p.m.. hlonday through  Friday. 

h;w determlncd that th!n docnment  d< 
NOTE.--The Food and Drug Admlnktrat: 

pmpwntlon of an economic  lmpact sta 
not contaln a major  proposal  requld 

ment under Executlve Order 11831 and O? 
Circular A-1 07. 

Dated:  June 2, 1977. 
C. D. VAN IIOUWEI.INC, 

Director. Bureau of 
Yeterinaru Medicine 

I F R  Doc.77--IG100 Piled 6-9-77;R:45 t u n ]  
. . . __ . __ -. .- . - . - ._-_ 
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.4?9999 . . . 

feeds  on the groin& that new informa- 
tion shows there 3s a lack of Substantiat 
evidence thabthe premixes are effective. 

A. TEE D R U G  

Generic  name:  Penicqlin, as Prqcaine 
penicillin G or feed grade  penicillin, in 
combination with streptomycin, as strep- 
tomycin sulfate or  feed  grade strepto- 
mycin. 

Dosage form : Feed  premix. 
The following companies  hold  or  have 

effective  approvals  for  products that were 
either evaluated by the National Acad- 
emy of Sciences-National  Research ' % 

flcacy Study Group or marketed  similar 
products  which 'are covered by this . . 
notice : 

mycin sulfa& premixes. (Procaine Peni-. . 
-NADA 46-667; Micro-Pen and Strepto- 

cillin G and Streptomycin Sulfa.@). 
Micro-Pen 6.25 and Streptomycin-Sul- 
fate 18.75, Micro-Pen- and Streptomycin 
Gulfate 75. Micro-Pen and Strepto'mycin 
Sulfa& 45, Micro-Pen and Streptomycin 

sion of Eli Lilly Ca, Indianapolis,. IN 

NADA. 46-981: Pro-Strer, tProcaine 

Council (NAS-NRC) under the D m  Ef- ' . 

Mi&' 150; -Ela;ncO prod~~.tS..CO., DM-. . . , 

- 46206. 
[Docket No. 77N-01661 

- .  

-... .. - - . 1  
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the. period allowed by th is  notice for 
opportunitr to request 8 hearing. The 
faflure of any person holding such an 
approval to submit proof  of its exstence 
within that period shall eomtitute a 
wdver of any rlght'to assert or rev-on 
it. - In  the event that proof  of the ex- 
istence of such an approval is presented, 
this notice shall also constitute a notice 
of o~~ortuniiv for hearing with respect 

grounds set forth in this notice. 
to that approval, based on the same 

. .  B. RECOMMENDED USES 
..In swine: for growth promotion and 

feed efEcient%: 85 an aid fn the ~ r e ~ e n -  

626; each pound  contalns 18.76 grams strep- 
h. Streptomycin-Penicillin Premix 18.6 + 

tomycin  (from streptomycin suuste) plus 
3.76 grams penicillin (equivalen6 to 636 

Co.. Inc.. Agrldtural rnvMon. 
grams procafne penicillin): by Ohas. plieer & 

i. streptomy  -penicillin  Premix 46+ls; 
each pound -% 46 grams strept~mya 
(from streptomycin sulfate) plus 9 grams 
penlcillh (equivalent to 16 grams procaine 
penicillin); by Ohas. Pfizer & Co.. Inc.. Agrl- 
cultural Dlvlsion 

J- StreptomycIn-PeniciUin Premix 76+2s; 
each pound contains'76 grams streptomycin 
(fmm  streptomycin suuate) plus 16 &rams 
peaicllun (equivalent to 26 grama procaine 

cultunil Divfslon. - 
PniciUfn) ; by m. PBZer & 00.. I&.. Agri- 



. . . .  
,i .... . . .  / . . -  . 
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-~ 36bb2 

the public discussion  and information- 
gathered warrant, a comprehensive en- 
viroxmenhl impact  statement will be 
prepared. evaluating  the h p a c t  of 

Thfs notice is @ued under the. Fed- 
the actions as & single program. 

era1 Food,.DrUg, and Ccrsmetic Act @eo. 
512,182 Stat. 343-361 (21 U.S.C. 360b)) 
and under authority delegated to the 
Commissioner  of  Food and Drugs, (21 
CFR 5.1) and redelegated to the Director 
of the Bureau of V&rinary Medicine 
(21 CFR 5.84 (formerly 21 CFR 5.29, 
prior to recodification published in the 
FED- R E G I S T E R  Of March+2. 1977 (42 

' FR 15553) H. 
Dated: June  2,1977, 

b 

' _  oftector, Bureau of '  . ' 
C. D. VAN HOOVW&G: 

[FR Doc.?7-]L610h'Wed 6-9-77$:46 am] ' 

- Veteri?l4awMt?i&?ine. i 

- 
p o c k e t  No: 7nr,0189~. . . . 

NOTICES 
.. 



\.- s m p m ~ m b y  ' .INFORMATION: . o i  derivative  thereof, as io~ows:  

REGISTER. under  Docket. No: 77N-0230. word  "Penicillin;' appearbg immediate- 
. ' Elsewhere in this issue of the FEDEI~AL ' a. By deleting  from  par8graph (b!, the 

the Director of the  Bweau-of Veterinary b following the italicized heading,  and 
-.Medicine is issuing a notice of oppor-  accordingly,  capitalizing the word 
tunity for h e e g  on a proposal to with- "StreRtowcin". . - ' I 

.. draw approval of .the 'new animal drug.: b. BY deleting  from  paragraph-  (c)  the 

containing  premixes  on $he  grounds that . tence following the italicized heading. 
applications.<NADA's> for all penicillin-  w6rd "Wcillin" appearing in the sen- 

< suoh  applications  were approved;eValu- let5ng from the indtroductory  paragraph 
. . new evidence not available -til after.'. 3. By amending 0 510.515: (a) B y  de- 

* ated  together with the evidence available ' . t h e  phrase "penicillin, streptomycin in 
when the applications  were approved, .. combination  with penicillin."; (b) by de- 
shows that  such drug is not shown to be leting  from  paragraph (b) (7) (i) the 
safe  for  subtherapeutic use, that  certain concluding phrase 66. or not Jess than 90 
applicants  have.  faged to establish and grana3 nor  more  than' 180 grams of peni- 
maintain requirid recorbs and reports.. . cillin and  streptomycin in' a combination 
and  that new information  demonstrates  contaking 16.7 percent  penicillin";  (c) 

- . there is a lack of substantial evidence of by revoking paragraph  (b) (7) (i) (c) ; 
effectiveness for  these products. - (d) by revising paragraph (b) (10) : (e) 

c Consistent with this action, the Direc- by revoking and reserving in the table in 
tor is hereby  proposing to amend the reg- paragraph (c) items 1, 4, 5,  6. and 7: 
ulations to. delete the provisions that  and (f) by deleting  from the table in 

. . provide for  the use of such drugs. Paragraph (G) the  phrase "or procaine 

. . TQe Director  has  carefully considered penicillin"  from  items 8, 9, and 10. Sec- 
. the  environmental  effects of this SctioP, tion 510.515 is set' forth  with  the revised 

auired. A CODY of the  envtronmental im- . (c) tal read as follows: 

ing Clerk, Food and  Drug Administration. 
pact w s s n i e n t  is on me with the Hear- s 510.515 ~ ~ i ~ d  fds bearing or eon- 

Moreover, in a proposal published in  the 
taining  new  animal  drugs  subject  to 

FEDERAL REGISTER Of Mal 27.  1977  (43 '. .Ira nnr 
the provisions of section 512(n) of 

hes of regulatory actions-designed to tracin. and  bactracin  methylene distdicy- 
restzict the subtherapeutic use of anti- late. with or  without added suitable  nu- 

singlepr0gra.L  their y e  in Part 558 of .this chapter,  or 

. .  
, ?  : .  

I aaw one,.oi- tbe paragraphs &. w m- tion. . i .:-:. . . . .  
. i  

:- . .- ... 
. .  

.... . . . . .  * -  , .  '* . * .  
Ib) * * *  
(7) ti) .It is intende&for use so la  85 

a treatment for - complicated, &ro+c.. 
rbpifstor3r disease . (air-sac infection), 
infectious  sinusitis.  blue comb tnon spek 
cific Wectious enteritis, mud fever),  and : 
hexamitissis in poultry, and/or bacterial 
swine enterit&>its labeling contains'sde- 
quate directions. and warqings for such 
use; and kt contains; per ton of feed, not'. 
less.tfisn 100 grams of chlortetracycline. 
or oXgtetracyc?ine, or a combihation of.- 
such -drugs. 

z * .  . *  * .  

. ,  ! 

* . : 
- , -  

. -- IC) IRevokeaI. . .  
.' . 8 . .  ' *  . .  * '  8 

treatment of chronic respiratory disetw 
(10) It is intended for.use in m e  

(air-sac infection),  infectious sinusit$ 
and blue comb (nonspecific infectious 
enteritis) :in . . p o u l t r y .  and/or bacterial 
swine enteritis; h labling brs Me- . 
quate  dirktions  and  warnings  for such 
use; and it contains, per ton of feed, the- 
equivalent of'either  not leis than 100 
grams and  not  more  than 500 grams of 
bacitracin (as zinc. bacitracin),  or noh . 
less than 100 grams and  not  more  than 
206 grams. of bacitracin (as .bacitracin 
methylene  disalicylate) ; except that, u.it 
is.intend@  for  the  treatment of bircterial 
swin enti?ritis,.it  contains, per ton of f a .  
l O O . g r a m s  of bacitracin (as zinc bacitra- 
cin  or  bacitracin  methylene  disalicylate) - 
When  intended  for  the use specified in 

bin. in the  amount specified. .one, but 
this  paragraph (b) (10). it may.als0 con- 

by paragraph (a) of this section: Pro-. 
only one, of the ingredients prescribed 

vided,' however, That  the level of anti- 
biotic or  antibiotic  combination  present 
is not   pes te r   tha i the  minimum a m o a t  
specified-therefor in thi,s paragraph (b) 
(10). 

* * 
(c) * -* * . 

1. [Ftesemedl 

4 7  [Fteser+ed] 

bacitracin methyl- 
ene didicylab or- 

9. Furazolidone and --: 
zino bwitmjn. 

. enedSsaUcylateorT 
bacitracin methyl- 

Zinc  bacitradn. 
bacitracin methyl- 
ene disalicylate or- 

8. Furazolidone and . . . . . . . . . . . . . . . . . . . .  

................. 

10. Furazolidone aud _ _ _ _ _ _ _  ~ _ _ _ _ _  _ _ _ _ _ _ _  
zinc baeltrac@. . 

PART 558-NEW ANIMAL DRUGS .FOR 
USE IN ANIMAL FEEDS 

3 558.15 Ehendedl - .--- . ?. 

4. By- amending . 558.15 Antibiotic; 
nitpofuraK- a n d . s u l j m m e  drugs in the 
feed of animals, as follows: a. By delet- 
ing from  the table in paragraph (g) (1) : 

FEDERAL  REGISTER, VOL 42, NO. 16LTUESDAY. AUGUST 30, 1977 i 
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D.Am:.w&t& apaoes.*&ting 
- SXh'earing must be submitted b, 

ber p ,  rsri, Data . a n d  an@& :upon 
+hkh a -.est f0r.a htiaring relies must 
be submitted by -October 31,. 1977; . 

ADDkESS: Written. appearariceS and 
- data and -analysis: to the Hearing Clerk 

tion, Rm. 445.5600 Fishers Lane, Rock- 
( H F c - i O ) . ' ~  and Drug Administrs- 

- ville, Md. 20857. 
- FOR FWR-R . I " A T I O N  CON- 
TACT: 
' Gerald B. Guest, Bureau of Veterinary 

Medicine (HFV-130). Food pnd Drug 
. . Administration, Departrhent of Health. 
' . Educatioh. and Welfare. 5600 Mshers 
. .  . Lane, Rocgville, Md. 20857 (301-443- 

3410). 
SUPPLEMENTARY IJVFORMATION 

~n a notice publish'ed &where in this 
issue of the FEDERAL REGISTER, the Direc- 
tor of'the Biveau of Veterinary  Medicine 
is proposing to delete the provisions that 

. provide for the use of penicillin in ani- 
mal feeds by amending 9 505.10 A n i d  

quired by regulatiorrs (21 CFR 505.10); 
dnlg warning  and caution  statements re- 

9 510.5 Certijication of new  animal 
drugs containing  any kind of penicillin, 

~~..s@ptonzycin,. chlortetracycline, chlor- 

uz;./reeot (21.- 510.5) ::..g 510.515.. Ant- 
mal feeds bearing or conkfning neU, anf-. 
mal drugs subject to the pfoassie -of 
sectfon 512(n) of the act (21 CFR 510.- 

M RELATED ACTIONS 

*6*@&bz; ~ bQcr+&#cor ..detfVathe 

Resistance: 

dQmestiC that BaB fed mbthmmU# 
(a) R-plSsmid-- E.,coli develop fn 

level8 'of antlblotics,  fncludlng penldllln; . . 
(b) E.' d f  contribute.their €&plasmids to 

man through several  meahantsms. 
(i) plrect contact with animals. 

food 
, .til) Contact with E.  cdf-mtamina&+ 

ment; . . 
(iii) Widespread'presmce in the en&n- 

strsins Of bacteris overlap. 
(c) R-plasmld-bearing  human  and anlmsl 

Sezotyping. 
(i) Eplde~ologlcsl  investlgatlo~8. m2f 

(li) Dlrect ingestion evidence.. 

t r h f e r  from E. coZf to pathogens. 
.(lli) In VIVO studies &OW that R-plasmihs 

(iv) R-plasmid  compatibility  studles. 

4. Director's aOncluslons. 
(V) -. 

B. Sheddfng and 'Reststance Charact&fstfcs 
Of Sazmonezb (Critetion 2) 

2. Criterion: 
1. Eackground. 

(a) Sheddlng. 

8. A H I  Studlea on the EffeccS of Subthm~ 
(b) ResLstance  charac&tics. 

peutic Levels pf PenlcWiq in Animal  Feed in 
Chickens: 

(a) Experlmental  design. 
(b) AHI's summary of the results: 

(ii) Resistance  characteristics. 
(0) The Dlrector's analysis; 

4. ARI Studies on the of Subthem- . 

(i) Shedding. 

(i)-sheddlng. 
(U) Resistai+€l &haracterlstica 

peutlc Levels of Penlcillln in Animal R?ed 
iiiswines- 

(a) Experlmental design: 
(I) Sheddbg. 

, 
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. -  . . . . -' Squibb .& & n ~ .  fdc;. P.O. B& 4OOO. ' F T h C e  

under s d b i  ~ O S  (6)  t i )  of the ~nimal 

399). any approval of a new animal drug 
granted prior. to the efgective date of the 

. . - amendments .  whether throw&. approval 
. ' antibiotic regulation, or. fw additive 
-1 of a. new drug applic+ion.. master file, 

:regulation. continuesin effect until with- 
.' dram in  awhrdame withthe provisions 

. ' of .section 512 of the Federal Food. Drug, 
a$ C-etic  Act (21 U.S.C. 360b). Many 
such approvals  were hued long ago, and 

, . .&me may nevq have been used . b y .  the. 
., : holder of  Uie approval.'Con&&uently, the' 

ministration .(FDA). rnsS -9 incomplete. 

. . some appro'vsrs. ..a. maW approvals 
have been withdram- by. other agency 
actions; e.g., FDA's rulem&ing procedure 

. . February 25; 1976.(41 FR8282). The bur- 
. . den .of  coming forward with documenta- 

circumstances -is therefore properly 
tion of unrecordea, approvals. in sum 

placed on the person claiming to hold 
such approvals so as to permit definitive 

. . revocation or amendment of the regula- 
. - tions. . . . - . .  

. The Direqbr of BU~AU of v e t e ~ a r y '  
Medicine knows of no approvals affwted 

. . by this notice .other than those named 
herein. Any person who intends to assert 
or rely on such an approval that is not 
listed i n , t h i s  notice shall submit proof  .of 
its existence within the period allowed by 
this notice for opportunity, to request a 

. . hearing. The failure of any person hold- 
ing such an approval to submit proof of 
its existencewithin that period shall con- 
stitute a waiver of any right to assert or . 
rely on it. In the event that proof  of 
the existence of & an approval is pre- 

.. Wted. thb notice shall also constitute 
of oppwtwity forhearing with 

. - Same grow&.$et.forthin this notice ... . . -I 
.... . h~$at&pmvak based; on the. 

. : cmditions of use. AH of-:pknkwn 
in peniciIlWand ~ c ~ - ~ n ~  
combinstion drug products as cited in: 

w& NJ e: . . --.'_ . .. I- . , .~- 

,. Drug Amadinents Of.1968 (Pub. L. 9W 

C u r r e n t  f i l ~  O f - t h e , F o o d  and.- Ad- 

. :' - .  bd ma;Ji.rairto:reflect me i x i s k n ~  of 

published in the FsnERat  REGISTER Of 

J 

. . ' 43773:- 

and .,:: FubUc., .. Welfare. ... lliihal: Drug 
Amepaments of. 1968, s. ~ e p ,  NO.; 1308; 
90th Cong.,-2d Sew. (1968) ) . -This l e e -  
lation alqo-brqught the manufacture of 
antibiotics Ed-& tli6Privste license sys- 
tem for new drugs (id.: Hearing on. EL- 
1600 and Ha. 3639 Before the Sub;com- 
mittee on Health of. the senate committe 
on Labr and Public  Welfare, 90th Cong., 
2d s p .  (1968) 1 ;-.TO emciently accom- 
plish this change< the airiendments con- 
tained a transition- clause  (section 108 

provals continue fn sect and be subject 
(b)) which  provided that all prior ap- 
to change hi accordance . w i n  the pro- 
visions of the basic- kt as &ended. Iii summe; all persop 1egaIk-marlieting 
antibiotics under. tbe Provisions- of. sec- 
ti&k 409. 505, and ,507 of thst a&. '4 
A k t  I,, 1969;tpe '~ecwve date;ofr th! ;' 

Ani.qal l x p g  A?ll~dmm,tz,.of tD68. wpe-  
c@$Wkrea aS. holding the . : e s u i v a l & t  .of 
aq a~proyed new. a n i m a l .  drug appliq- 
tion; .howewr. 'e hold- p??:.veh .a%: 

requirements of the ac6 and regulstfons.- 

. In the mid-1960's. FDA p e a h e  con- 
cerned about- 'the safew to man and 
animals of subther6mtic antibiotic use; 
it - studied the effects of lok-leveI . s u b -  
therapeutic feeding of antibiotics for. 
some  years. .The agency  supported re- 
search, held symposia, and consulted 
with outside  experts to review lth& non- 
medical 'Uses of antibiotics in ettna 
feeds; Fouowing a .report Sssued by the 
British  Government Joint Committee 

Antibiotics. in Animal.; Hushjmdr3r and 1 
(the.Sirrann Complittee) "On the Use.of 

Veterinary Medicine." the Commlsioii@ 
of Food and Drug$ in April 1970 estab 
l&ed',a Ta& Force, of. scientists. Opith 

sities, and industry, to rt?vieW compref 
consultants from  government, tiniver, 

hensively the use of antibiotic  drugs in 
animal feeds. Its conclusions  were  pub- 
lished in a notice of proposed:rirle-maki 
ing published in the FEDSRAi R E ~ ~ ~ T E R  
of February 1,1972 (37 F'R 2444). which 
initiated the mandatory  testing m e -  
dure to resolve  conclusivels the issues of 
safety  surrounding the. subtherapeutic 
use of antibiotics in animal fkeds;. 

The prhcipal conclusions of the Task 
Force  were the following: (1) The use of 
antibiotics and sulfonamide diugs,. es- 
pecially in growth promotant and sub- 
therapeutic 'amounts.  favors the selec- 
tion and development of .. single and 
multipie  antibiotic-resistant and R- 
plasmid-bearing bacteria: 

(2) .Animals that have received either 
subtherapeutic and/or therapeutic 
amounts of antibiotic and sulfonamide 
drugs in feeds  may  serve as a reservoir 
of antibiotic resktant pathogens and 
nonpathogens.  These  reservoirs of path- 
ogens can produce  human inftktions. 

(3) .The prevelance of multiresishnt 

pathogenio,.bact. in @ n a k , h a s , . i n G , ,  
creased and has been related tb thguse... 
of antibiotics and sulfonamide drugs. 

(4) Organisms resistant to antibac- 
terial agents have been found on meat 
and meat  Products. 

P ~ V &  are'also SUbjkt W. all SPRliCfbblq : 

. .  . . B. Sofety-Conce& 

R-pltWmid-bearing Pathogenic and non- 

I .  
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. - p e & . b y . - t b e  l=fxUlaw ,becalm; legalls 

teriaI drugs'used at subtherawtic! lev& 

gust 6, .19?4 (39 FR 2839). the Commis- 
sioner proposed withdrawal of all ap- 
pwvak'held .by m o w  who had .not 
complied with me. initial repuirements. 
'and ax1 theke approvals were . w i t h d r a w n  

by ..hk order, published in the, F ~ D E R A L  
F@& d February 25:' 1976 (41. FR 
8282). Therdore, only tb&, products 
listed in Part 558 (21 CFR part 558) czin 
be mg.rketed.at thts *e. I . . 

inari Medicine.  (Bureau) had be- a 
By,Apfl20,1974, the Bureau of Veter- 

review of the  data required bx P 558.15 
whi6.h Was .applicable to the principal 
antibiotic%' used. 'siibtheiapeuticilly in 

cycline), and by April 20, 1975. data 
Concaning the safety and-efabcy cri- 
teria ffor .all antibiotic and sulfonamide 
drugs had been received. To sssist the 
Bureau, tlie  commission^ asked the 
agecy's. National 'Advisory3bod and 
Drug Committee (NAPDC) to review the 
data and issues involved and to make  rec- 
oinmcindations to him On the flitan% uses 
of subtheraptic antibiotics in a d m d  
feeds. A-subcammittee of three members, 

Committee (AAFS),.. Was appointed to 
work in ~co4unction with four expert 
consuJ.tants from  disciplines related to 
the fssue. The Biveau  prepared 2 days' 
presentations  concerning  penicillin dw- 
ing which comments  were heard from 
the. drug  ihdustry, animal Scientists, and 
other interested paities. The Bureau , $so  

p*pared a comprehensive summq xy 
' p o r t  with tentative recommendations for 

dure was carrSed out for the tetracy- 
the stibcommittee. ( A b  identical- PrOCe- 

held during which  subcommittee delib- 
clines.) Two additional  meetings  *ere 

eratiom were  conducted and other state- 
ments. given. 
- In September 1976, the AAFS pre- 
sentedl its preliminary  recommendations 

19?7,,the dxmnmittee's Anal report was 
submftted to the NAFDC. The parent 

tions on ,penicillin  and  'accepted  them. 
committee reviewed the. recommenda- 

NAFDC recominended that FDA imme- 
diately withdraw approval for  the sub- 
therapeutic uses of penicillin, i.e.. growth 
promotion/feed  efllciency, and dfsesse 

In view  of these  recommendations and 
since the information  submitted in re- 
sponse to 0 558.15 following the -de- 
lines and critei-ia had &iled to resolve 
conclusively the issues of safety con- 

in animal feeds, the Director of the Bu- 
cerniag  subtherapeutic uses  of penicillin 

reau ad Veterinary  Medicine is therefore 
proposing to withdraw approval of all 
subtherapeutic uses of penicillin done 
and in combination  with  other drugs in 

e m y .  of Sciences/National Research 
animal feeds. Because the National Acad- 

elude I b a t  .: 'the . th-peutfc . e:. .of. 
. ix@cillin in animal feed 1s;dked suk+tan-. 

Fal evidence of &ectiv&, he is also 
proposing to withdraw approval of all- 

bin- OP . M l  Me&&$ 
iIl fed. In tbe FEDERAL R E o l s r s R  Of AU- 

animal feeds. (penicillin and hti& 

the . A n t i b i o t i c s  in Adnial . R e d s  s* 

to t h e ' m t  NAFDC. and in January 

- -control - 

.COUnCn D r U g ~ C a C Y ~ s h l ~  ~RXIR'COII- 

. .  . I I I  slir?wy:or,~,~*.ri:. 
'. . am 'after. hfs avfsorgr; of ,*A&, 
SirArthur meniillg'doteu twt bineb*-- 
twial#organisnis iwuld become resfstant 
to the antibiotic; &..the use or ant&iotics 

bacterial resistrislce  have also multiplied. 
has inc.pxsed,, .the number and -tsi)es bf 

There is s serioui u i n c h  thak.in m e ,  
this will ld-%o.:decUning usefulness .of 
antibiotics- in, the treatmenti of both, 

m e  l3ureau.S primary concern c with 
that portion of :increased antibiotic ie; * 

sistance in the ecological system which 
may result from. .&e' practice of -usipg 
subtherapeutic levels of penicillin and 
other tintibiotics in -.feed for PI%%- 
longed periods.. This practice, 'which 
sometimes-produces increases in growth 
promotion/feed efEciency. piovides; an' 
kl&l environment for  selective.p+sum 
to operate. When exposed to . a n  antibi- 
otic, the organisms that are drug resist- -. 
ant survive  while the g r o w t h ,  of other 
.tdrug-sensitive) bacterirr is inhibited. 
Eventually, the antibiotic-resistant or; 
ganisms predominate. in the bacterial. 
Population, a n d .  continuohi  antibiotic 
pressure perpetuates this.abnormal situ; 
ation;- . : 

~acterial antibiotic resistance is .pri- 
marily determined by gengtic.  elements 

The Bureau's  specitic  concern.  therefore, 
is with the health hazard that may arise 

plasmids in the animal population  and . 
through an increase, hi the pool  of R-. 

mids and R-plasmid-bearing organisms 
the potential transfer of these R-plas- 

to the human  population  and  surround- 
ing envi.romnenL 

that are separate from me bacterial 
chromosome.  These  R-plasmids carry 
transferable genes for drug resistance ai 

selves. Plasmids may determine resist-. 
well as the capacity to reproduce them- 
ance to more than one  antibiotic;  and'*- 
sistance to several  antibiotics is c o e o x i .  
Moreover, plasmids can transfer from 
one bacteria to another and from non; 
pathogenic to pathogenic strains. m-. 

'fer occurs,  although with 'varying fre- 

bacteria and also to members  of other 
quency  among dl members of the enteric 

families of bacteria,The. pool of normal 
Gram-negative  bacterial intestinal flora 
(largely Escherichia coli) serves ai a 
reservoir of R-plasmids; the R-plasmid- 
bearing bacteria  interchange among sni- 
m a ;  man, and the enviionment. The 
POte I I t i a l  for harm increases as 'the R- 
plasmid reserioir increases  bedsuse the 
Probability of R-plasmid transfer to 
Pgthogens  increases.  When the Commts- 
sioner required all holders of appioved 
NADA's for  the subtherapeutic use- of 
Penicillin in animal feed to submit data 

W a s  Principally  concerned  with the ef- 
to resolve the safety  questions raised, he 

fect of the antibiotics  approved for sub- 
therapeutic use in animal .feed on the 
emergenc&:of transferable drug 
anceln the Salmonells reservoir and the 
ion. the.result5 of the studle~.subatt& 
E. coZi:oi rurimn.E9.:ln the =fs op& 

an9 the data .avatlable are .clear: the 
affected parties have failed to answer 

. .  

'human and animal diseases. .... :: :. . . 2 .  

termed.?'R-Plasnids"  (R-facto-, R+ 

R-plasmids .small lengths Of. DNA 

and at that time the requirements im- penicillin use in nnimnl feed- 
. ~~. ., 

the safety questions  raised. 
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mg@*. . . . *  . is x ~ e & . $ ~ r i g < - . - ;  ' I . , . . . 1 
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m+'.me. -pool :oi~.R-Pl~m~.-Beariw 

1. Bac#grou@: One ;of ' the:'mo$ -.h- 
portant lurimr+l-and human health safety 
crite~'.(nuinbkr 11. set forth -in. II. B. 
abbves  concerns the role "9f 'subwera- 

.peu.tic  antibiotfc'lm=on the'sel&tion for 
and incfease in'! the pool- 'of microbial 
plasmids  determining  multiple  drug  re- 
sistance;, and in the transfer of these 

. plasmids timom bacteria in animals an! man. Resistance to antibiotics has. been 
known . 85  longras the antibiotics  them- 
selves have been known. U n a  1959 it w e  

result of chaiice  mutatioll and natural 
believed that, antibiotic  resistance was B 

selection  alone. However, in 1959. JaPa- 
rieses..investigato- (Ref. discovered 

microbial. agent6 could - be- transferred 
that: resistance.to. sev&d common anti-. 

simultaneously from one bacterhim'to 
another by cell-to-cell contact (cOn.iUga- 
tion). This was.showii t6 be  due to the 
transfer  of extrachromosomal  resistance 

factors,  or. R+. Resistance  produced by 
determinants  .called  R-plasmids, 1.e.. Eb 

R-~lasmids generally  involves the Pro- 
duction. of enzymes that inactivate the 
antibiotic.Tor  example,  R-plasmid medi- 
ated penicillin  resistance' is due to the 
production. of an enzyme,  penicillinase, 
that inactivates the penicillin  molecule. 
This same enzyme is also active against 
many  semisynthetic  penicillins,  includ- 

many.as nine drug resistance genes. The 
ing ampicillin.  %plasmids  may cam 8s 

plasmids also carry other gene6 that de- 
tennine .the R-plasmid's replication, in- 
dependent of the host chromosome, 8 5 .  

wen. as- inforination fer transfer: of the 
R-plasmids  from  one, bacterie to an- 
other by conjugation. R-plssmids - are 
transferred by conjugation to VirtUallY 

unrelated  Gram-negative bacteria 85 
an Enterobacteriaceae as well as to such 

'vibrio, ~seuddnro?~rs ,  and Pasteurella. 
'rhus; resistance may pass from strain to 
strain, species to species; and most  im- 
portantly.  from  nonpathogen to path- 

predominant muse of .antibiotic resist- 
gen.  R-plasmids are now  known.to be the 

ance in Gram-negative organisms that 
m'me human disease, e&, E. colf,. Sal- 
mweZta, Shigella,  etc. 

revolutionized the treatment of infec- 
While the development of antibiotics 

.tiom disease i n -  both man and animals, 
the magnitude of this achievement has 
been  diminished by the' -widespread 
emergence of antibiotic resistant bac- 
teriri. R-plasmid medided resistance Is 
particularly  ominow  since  selection of 
resistance to a  single'antibiotic  may also 
lead to the simultaneous  selection of re- 
sistance to a wide spectrum of other 
'antibiotics.. In recent  years,  antibiotic 
resistance has emerged in important 
-pat@og&; for example,, ~,,HaemophUus. 

typhf. -R-plasmid  mkdiated . resistancs- 
has been  identified in epidemics around 

Some of these  organisms  have  acquired 
the world, e.g, Salmonella  tvphimurium. 

both.  ampicillin  and  chlorpmphenicol  re- 

, , . .  

Nag&&- g&&h&&?,;!.a;nd. .Sa&m&a 
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iNoncEs 
~ . 8 e n c % . , o I . ~ - p l e B B u n .  o n c s . . 3 , h e  

reservokoi'r .R-plasmids:  xi- the 
5nitial cause of t h e .  R-plssmid buildup, 

icflliri;'or'hoth& drhg .iw ,drug-'-mbi- 
nations), MeWt-to the R-~I- 
transferabilttv :or  .movemen't-lrom anf- 

0n -tho 2.movement of a-plasmi&a and 
resistant b&eria are gennane to,thfs. 
issue even though penicillin was not al- 
ways used '85 the specific antibiotic. 

- . .  

%hemm -&g;@m&&me .Ge ,of pen- 

msls t o .  h-: :Th~&ore, aH &I&- 

. .  
. . i  ' . -& -; . ' 

I. M & c ~ ~ , - H .  D, D.. &. s.  s. 

COB from. Alilmals: Relfbuon5hip to v0*- 

,~ 

Wilson, and J.' V. Bennett, "vita, 
oi AntWWchic&Reslstarny of Baclperfchfa 

inary and Management Uses Of~Antimicxvbiai 
AgWtS,".. APplia- Mi&bblw,. 2!2:700-705, 
1911. 

"Wntinuous Nontherapeutic Dlse of Anti- 
2. Seig4 D; W. '&. Huber, and F. Enlo&, 

of the t3mu-negstive gnterlc Fbm of Food- 
bzLctm&hugs In Feed and Drug Resistsnce- 

prodaane :~-anttmicrobfal.-Agsnts~ 

meet of Antiblotic Therapy on ihe Faecal 
3. 8antth. H. W.. and J. F. Tucker.  "The 

Excretion of Saltnonella typhfmurtum by Ex- 

Hygiene, 75:!276-292, 1975. 
perhentally Infected Chickens," Journal of 

4. Kat%,-B g, 0. h me&ender, P a  Mn- 
neastein. and J.  J. Dowllng, Jr.. "EXecta of 
Feeding Penicillin to Chickens," Joumq of 
the. Assodation of Omcisl . Analfli& 

' ib) 8. &li c&-bute their R-plasmids 

There .has' been much debate bver the 
to m n  throzrgh several mechanisms. 

extent to which E.  coli in the animal 
community a&as asotirce of R-plasmid- 
bearing strains for man. This is perhaps 

aspect. o&-plasmid ecology to assess; 

the most  ntroversial and most dimcult 

Drug-resistant bacteria originating is 
ariimais may reach man. (1). by direct 
contact with aniinals, (2) through the 
food ch in ,  anii (3) because of their 
widespread- occurrence In the en-on- 
ment. 

(i) Direct -coxitact  with animals: A 
number of studies  have shown that hu- 
111811s in contact with animals receiv- 
ing medicated feed, including  subthera- 

,incidence of drug-resistant-organisms in 
peutic levels of  penicillin, Uve a higher 

the flora than' do control populations 
without this direct contack Linton et al. 
(Rei. 1) found a higher incidence-.of 

w i t h .  l.ivestock husbandry than other 
drug-resistant E. cdi in adults employed 

rural or urbtq~ adults. Wells and J q e s  
( R e f .  2) found a higher- incidence of 

tact with pfgs given certain antibiotics 
drug-resistant E. c d i  in humans in.con- 

than in humans in contact with pigs 
that had not been given' antibiotics. 

Seige? et al. (Ref. 3) compared the pro- 

samples  from: (a) people  working on 
farms who  were  continuously in contact 
with the predominantly resistant flora of 
animals receiving subtherapeutic  levels 
of penicillin; (b) people residing on the 
&e f v  with no direct ezposureh., 
the farm animals; (c) people treated 
with antibacterial drugs; ( d )  untreated 
people residing with treated individuals; 
( e )  untreated people with no'exposure to 
farm animals or .treated  individuals. 

' a d  Ch-ther8py, 6:697-701, 197 4. . .  

. - C h & i S t s .  57:523326, 1974. 

POrtioIl $f resistant organisms in fecal 

. '  1. Linton, It. B.. P. A. Lee. M. E Rich-. 

V. N. Baker, "Antibiotic  .peststance  and 
moa& W. A' Gillespie. J. J. Rowland; and 

Transmissible R-factors In the Intestid - 

dren in an Urban  and Rural Community," 
Coliform  Flora of Healthy Adults and Chil- 

Journal of Hygiene, 70:99-104. 1972. 
2. Wells, D. M.. and 0. B. James, "Trans- 

- m i o n  of Infectious Dfug Resistsnce from 
Anlmrrls to Man;' Journal of Hygiene, 71  :209- 

-&. Siegel, D, W. 0. Huber, and 5. Drysdale; 

Enteric F l ~ n r -  o i - ~ : E ~ * '  W t w i i l .  - 
oi .~ntibacterW Drugs an(f Reslstanw. oi the 

Agents and Chemotherapy. 8538649. .1975. . 

Mecone. "Change in Intestlnfd  Flora oJFm, 
4. Levy, €3. B.. 0. A Pltzgerald, and .B. S. 

Personnel After Introduction of a "Wmcp 

215. 1973. 

'!ffamsn Therapfsltl&anKEAgricul~ uses: . +. 

i 

. .  
.i- , .. 
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cante6tiF-bt & .' - I - 1. 

m.-e~c.--&, al; -&; 
~ ~ s ~ ~ . n r r m b e r : : ? ~ ; B , ' ~ f a i u d - o n  
t abbe- ready ' - tba iRed . & k k m s  
&k€tulbb thexlwdbw hP0- an- 
MCZL T&? orm&srw.mg the 
~ i l l c ~ a * d e ~ o f o -  
serotypes of sntibidic-~ 
Sfnxihr*, Bhooter et &. (Rei. 13) de- 

E. coli. 

scribed the distr%bukio~~ and Serotype af 
str@rg+@B.coZiiromapo&tr.vpacking 
stabtion snd an abattok. shooter con- 
cluded that'Greslzltp tn bob the abattoiz 
and tbe poultry packing: statiom indiacte 
.tbatthereistransferofstrainsfromthe 
f a e c e s o i t h e ~ t o t b e e n v i r o n m ~ t  
andthabtheshrainsofE.mHfaundm 
thecarcassesdpoultrpckclrtllesndbeei 
will or&lnate from the ieces,ot the ani; 
m a L ~ f r o m t h e e w i r a n m e n t ~ d y i U  
refpect the history Ofth&mrarsa" - 
. FbodJmme sprnunrelllr bhfectb~ i& 
msn are a wdl-rewmimd and contInu- 
ing proMemi Arrtmrrl meat produets that 
serve as a primarp source of Sdmunelfa 
infections in humans akso serve as a 
source OL other bacteria for maxi includ- 
ing &plasmid;-rbauine enteric baderfs 
,(Ref. is). Based on this evidence, the 
pnxtor .must conclude that man isr ex- 

bacteria through contact with contsmf- 
natedfdBeesusethedntgresfstsnce 
of these bacteria is increased by feeding 

antibiotics, such feeding enhahces the 
the .-animals s u b t . l ~ w u & '  levels of 

likelihood of transmitting Sfactor- 
bearing bacteria to man throu- con- 
tactwith contsminated food. - 

' ? z z l m m =  

Y?CxF% re- 

posed to R-pbdd-b-g hkt- 

. .- 

trtbaMon o? 0-Antigen Types of Esclretichb 
1. How% K.. and A. H. Linton, 'The Dis- 

colt fn Normal Calves, Compared wftE Man, 
add Their R-plasmid Carriage," J o d  -of 
AppUea Bscterlology, 40:317-330.  1976. 
2.Andersan.EkS.."TheEcologyofRans- 

ferabie Drug aesistsnce Ln the Enterobac- 
teria, Annual .%view of . Microbidogy, 

. 3. Eo-, K. .A., H. Linton. and A. D. Os- -. "A Longidu&sl Stum of  Escherichia 
c o H  tn Cows and cslves with Specfal  Refer- 
ence to the Dfstribution of 0-Antigen and 
Antibbtlc Resistance," JournaL of AppIied 
Bacteriology, 40:331-340.19768. 

'&Loken, E X.. L W. Wagner..and C. L. 
H e n 4  "Transmlsstble Drng R e s f s t a n c e .  in 
Enterobscterlaeese. Isolstxxb From Calves 
Given Antibiotics,' American. Jonrnsl of 
Vetainsry Research. 32:1207-1212, ISn. 
6. Mercer, If. D.. D. PocurUn. 5. Chines, 

of  Antimicrobial  Reststance  of  EscherfchM' 
S. Wilson, and J. V. Bennett. “Characteristics 

colt from Animsls:  Relationship to Veteri- 
nary and Management Uses of Antimicrobial 
Agene."  Applied  Mkrobtology: 22:700-705. 
19n. 

6; Smith H. W.. "The Effect of the Use 
of Antibacterial hugs. Particularly as Food 
Additives. on the Emergence of Drug  Re- 
sistant Stralns of Bacteria in Animals."  New 
Zealand  Veterinary Journal. 15:153-166,1967. 

7. Smith. H. W.. "The  Effect of the Use of 
Antibacterial Drugs on the Emergence of 

' veces  in Veterinary  Science and Compara- 

Effect of the Continuous Administratton of 
8. Smith. E. W, and W. E. Crsbb. 'The 

Wets Containing Low Levels a# Tetracyclines 
on the Incideqce of Drug-Resistant Bacte- 
rium coM in the Faeces of Pigs and Chlck- 

22:131-180,1966. 

' Drug-Resistant B W m  Ln Ad- 

tive Medicbe, 15:67-K)Q 107L 
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.*:Of.Mi!dic~,~%O** ?:Q1,1Os, 1674: 

: .I&-&&;;"'. 4. *ml*Alg74;, 

&Om %wits1 aad Domestic. &~age,? JoW- 

-6. Richmond ' M: XE' "R factors 'hi Man h-ii 

. eqted by D. Schlessbger; Ainericsn- Society 

of Escherrichfa C o Z i  Containing R Factors,'. 
.- 6: eta. €LWWi.'*Incldence in River water 
N h r e .  2 8 b i  1286-1289,. 197Ob. 

-7. El%Dbcket.No. ~ - O I S S ,  ELJR for,c;r?e, 

animal drains  of^ bacteria mjerzap. ~ g p -  
ing of surface bacterial  antigens is us.&- 

strains... Three types of specific surface 
as a - means: of-  identifying . bacterial 

antigens =e associated with the E. coli 
cell: An:!'O'' cell wall lipopolysaccharide 
antigeni a "K" capsular:or.envelope anti- 
gen; and: an.."H' mgellar protein  antigen 
which 'occurs amwg mobile  organisms; 
The antigens are characteristic of a spe- 
cific  orwmi.sm. and they  serve to identify!. 
distixict bacterial types ( s e r o w )  with- 
in species. Their presence fs' detected by 

. the abilitY,of E. .coli  organisms to inter- 
act withspedficantiseruhj; , . -. 

(0: EWdemiological  investigation&E; 
coli ' Se~t~ing:. (a) -  Despite the wfde-. 
spread: occurrence  .of R-plasmids in the 
enviroment, some  workers (Bettelheim 
et sl:. Ref. 1) suggested that human E.- 
coli. and animal- %: coli  were distinct. 
These workers  argued that there were 
marked differences-in serotype  distribu- 
tion ' i n .  strains isolated  from man and 
-animals; -they also suggested. than ani- 
mal str?ins of E.  coli  were not reaching 
the human  population or were f W g  to 

however, this same  group,  Bettelheim et 
implant in the ' bowel. More recently, 

al.  tRef.-.2),  compared the serotypes of 
13,139 strains of E .  coli isolated from 
humans with the ierotypes of 1.076-ani- 
mal s t r a e  of E; coli; 708 Merent O/H 
serbt@e.  combinations were  found. Of 
these, 520 wkre found inhuman strains 
only, 130 from animal strains only, and 
58 O/H serotypes  from  humans and ani- 
mals. The authors concluded : 

paper would  indeed support the view that 
A t  flrsi-glance the results described in this 

human .and anlmal strains of E .  coli are 
largely  clistinct.  Second thoughts, however, 

opinlon f i .  flrmly. 
suggFt a little cautlon in accepting the 

However  thtmoughlp human or animal 

of the total bacterial content is examined, 
stools BFB examined. only a minute  fraction 

and inevitably strains recorded as belng lso- 

 is^ alwap. probable that if examination is 
lated F K I d  to be those that predominate: It 

continued.. further strains may. be isolated 
but eter an amount of work that is impracl 
ticable in any ordinary investigation. If  this 

' recorded 'as coming  from humans only or 
is eo, it is possible that many of the strains 

examination, be  recorded as present in both 
from  anlmals only might, with  more diligent 

man and animals. 
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(b) Linton, Howe.  Richmond, and..thek 
collab?rators (Refs. 1 through;?) also 
conducted  extensive  epidemiological in- 
vestigations.  They.  found a wide range of 
resistant and sensitive O - s e r o ~ . o f  E. 

comp,are@ these serotypes 'wi.@ 'those 
coli in calves. Pigs, and poultfy, and they 

found  ixi-the human'lntestine. me au- 
thors found that many 0-sero- domi 

more of the three animal- species .exam- 
mon to man  we?^ also common to one or. 

possible to make a .  clear  distinction be- 
ined. Thus,  they  concluded that it fs  im- 

tween "animW. and ''human" int&hal 

based on O-serotyping  alone:  More im-. 
portantly; the studies suggest a consider- 
able  overlap' i n '  the distribution of R- 
plasmid-bearing 0-serotypes in maxi and 
in animals. .Moreover, the same resistant 
serotn-es,.  which  predominate, iti the E. : 
CoH populations.  from. he.alw  huina 
and animal fecal sources. weie also prev- 
alent among R-plasmid-bearing strains 
from  clinical material (Ref..B). .: . 
.; Because the use of O-serotypidg  alone 

cized on the grounds that it ~incom- 
as an epidemiological tool hsis. been criti- 

plete and inadequate,.Howe and Linton 
(Ref. 21 .examined-.E.  coli for.the IC and 
H antigens as wen. as the. . O ~  antigen, 
They  studied 90. strains, 17- chosen a t  
random  from  human ufinarjr twt in- 
fections, - 17 from  human feces., and 56 
from  calf  feces, all. belonging to 0-types 
8, 9, -and ,101. The authors found the 

of the same' 0-types from  each of the 
same K and H antigens in certain strains 

three E .  coli  souices.'Additionally, K and 
H antigens associated with these 0-Sero-- 
types  were  not  speciAc to antigens asso- 
ciated with these  0-serotypes were  nof 
speciflc to E" coli isolated  from  humans. 
or from  calves.  .Although further sub- 
divisioxof the three 0-serotypes was- 

31uded that 0-serotyping  alone provided 
possible by thfs means, the.authors con- 

a  very  useful  means of distinguishing 
strains of E.  coli in a general survey. 

These  studies show that a similar 
range of drug:rwistant  R-plasmid-bear- 
ing 0-serotypes of .E. coli  have  been 
found in man and  the various  animal 
species  examined. Furthermore, the 
studies show that  the ratio of. drug- 
resistant to drug-sensitive  isolates was 
much  higher in animals t h a q ' i n  man 
(Ref. 3 and 6). Thus the abundance and 

bearing OLserotypes in animals are much 
diversity of drug-resistant R-plasmid- 

greater than  that currently  found in 
man, and the serotypes  overlap. 

REFEBENCES 
1. Hartley. C. L.. K. Howe. A. .H. Linton, 

K. B. Linton. and M. H. Richmond,  "Distrl- 
button of R-Plasmids  Among the 0-Antigen 
Types'of Escherfchta coli Isolated from Hu- 
man  and Animal  Sources."  Antimicrobial 
Agents and Chemotherapy, 8:122-131. 1976. 

2. Howe. K., and A. H. Linton, "The Dis-. 
trlbutlon of 0-Antlgen !I'ypes of-' Escherfehfa 
.coli in Normal. calves, Compared with Man 
and Thelr:. R - m d  -clsiriage,n Journal of 

. , : . 

S W  ' of fihtibiotdc-~fsbt ' .E .  coli 

. .  

Applied Bacter lOlOgY,  40:317-330,  1976. 

borne, "A Longitudinal Study of .Escherichia 
coli in Cows and Calves with Special Refer- 

3. Hawe. 9.; -A.. E Linton. and JL D. Os- 

. .  

. .  

FEDERAL REGISTER, VOL. 42, NO. 16LTUESDAY, AUGUST 30, 1977 



FEDERAL R€Gt!SER, V O I .  42, NO. l 6 U l E S D A Y .  AUGUST 30. 1973 



.. ~ 

, .-. 

-.- 

. .  siitant7f:' colt. in the'intestinal tract of. 
- (VI- Hazards: - Although- antibiotic-re- 

h q ' m a y  generally  cause no4mmedi-. 
ate problems to an. individual. under 
proper-circumstances their presence  may 
lead to dangerous  situations: For 'exain- 
ple,. E.  coli is the most  common  cause of 
urinary tract infections in man and 
commonly arises from a person's om-in-  
testinal flora; While sulfonamides are 
generally me drug of choice, a signifi- 
cant nynber of infections with sulfona-. 
mide-resistant strains are now reported, 
necessitating treatment with penicillin. 

Resistant E.  coli in the intestine of 

nism capable of transferring R-plasmids 
man also constitute a reservoir of orga- 

they cduld serveas effective recipients for 
the insertion .of tramlocatable genes. 
The recent  emergenca of. ampicillin- 
resistant. strains of Haemophilus influ- 
enzae and penicillin-resistant strains of 
Neisseria g m h e a e  represent  alarming 
examples of the extension of the R- 

resistance genes  found in both species are 
plasmid  gene pool (Refs.33 and 14). The 

identicid to- those previously found only- 
in E. coli and other  enteric organisms. 

The World Health Organization  pro- 
phetically warned .(Ref. 15). : 

The polnt will ultimately be reached at 

becomes inevitable and the larger the pool. 
which the transfer of resistance to pathogens 

the greater is this possibility; Moreover, the 

5. Falkow.  "Plasmid-Linked  Ampicillin Re-. 
13. Rwell.L. P.. J .  deGraaff. D. Seik .  and- 

sistance in Haemophilw fnpuenzae Tspe "D,- 
Infection  and.Immunity, 13:40&410, 1975. 

and 5. Falkow.  "Plasmid-mediated  B-lacta-. 
14. Elwell, L. P.. M. Roberts, L. W. Mayer. 

maSe production fn .Neisseria gonmheae." 
Antimlcroblal Agents and Chemotherapy, 11 > 

of Anrtiblotic  Resfstance in' Environment. 
15. W.H.0: Report "Public Health A"pec,4 

Regional Ofece for Europe, Copenhagen, 1976; 

4. Director's .conclusions. The  holders 
of the approved NADA's for subtheya- 
peutic .penicillin-contahiw products 
were  required to show that the subthera- 
peutic use of penicillin does not increase 
drug resistance  (increase the ml of R- 

1977. 
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termhe the t r d w x e  o f , p e n k i l l i n  or 
Groups A and B were used to de- 

~ - S ~ t o ~ C i n  *._.. on '-.. shedding e experimental infecth and the de- 
velopment. of &g &tan& by, Sd- 
manella ana E. colf, with group A serv- 
tng as a nomedicated control group. 
Groups C and D were Cpntrob used to 

monitor the environment, and the&-& 
of the drugs in the absence".. experf: 
mental infection. Ta -..the .absence 
sf naturally occurring salmonella prior 
to the studs. th,e.spOnsoT e x w e d  pre- 
study f e d  samples. The samples w& 
grown tn a selective  media, bNLisnt green agar. and Serpyptng was also done. By 

I .  
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microbials in the test. 
The AHI then concluded that the pen- 

icillin  supplemented  diets  significantly 
increased the percentage of E. con that 

monel4 ~ e ~ n c e . t i i i ~ ~ ~ ~ ~ ~ ~ ~ p o l a ~ ~ h e n  ma-. AHI. found :no - significant: 
were rrsistant-to amplccilumIn the-sal; 

- 
, .. . 

tium, while only 36'of 81 specinikp (4i sidered.  But among the anbhals shedding 
percent) in the &niciUin treatment Salmonella,  i.e? the .medicated groups. 

FEDERAL REGISTER, VOL 42, NO. 168---TUESDAY, AUGUST 
---. 
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tlm.nonmedidted : cntrob: tbe birds exi. 
p o s e d .  to subtherapeutic antibiotic press 
m e  . (both ..ptbjcilljni! and:-penicillfq- 
streptomycin), a -s&nMcantly. greater 
proportion shed Salmonella that were re- 
sistant to ampicillin than in the no-ed- : 
icated groups. . . " .. 

(c) The Director's ana&&. 4i9 Shed- 
ding: (a),The Mrector.does not:disapree. 
with . some:'condusions mwm :by AHI ' 

about this study. Feeaing a s u b t h m u - .  
tic level of penicillin did wt apparently. 
increase thequantity of Salmonella shed 
in fecal material; it did not appear to. 
increase the number of W o n &  h I+- 
er,-  spleexi, and cecal  tissue; and it did not 
increasethe .number of positive chickee tfssnes. ' ::.,.; :.--< . ; . . . . .. . .; ,.. 

the conclusion of ARI that feeding pen-. 
icillin at 50 grams/ton.did not increase: 

shedding . . b e m u s e .  :the Procqmes. thaw 
the,duration or Prevalence of SahnonelIs 

were.used'to3etermine these parsin&hi-a 
,were inadequate..The informationneces~ 
s a w  'to determine Salmonella. duration. 
and prevalence is whether Salmonella 
are present in the feces, not  the quantity 
of Salmonella in the feces. After the 
aahnals wereinfected with 'salmonells 
in this experiment,  fecd'specimens w e e  
processed by diluting  them  and then plat- 
ing on the  sirface of Gar plates. clone 
growing  on the plates were  subsequently 
counted to provide  information on num- 
ber  of Salmonella per gram of feces. pS 

ber of Salmonella shed decreased in both 
the st-. progressed,  however, the num- 

groups, and thfs procedure is inadequate- 
ly sensitive to detect small numbers of 
salmonella. ~ood~~microbiologicai~ prac- 
tice requires-. the use of an enrichment- - 
procedure for culturing. -An enrichmen$ 
procedure  involves the incubation of ' a  

fecal  sample in a selective  broth to i n - '  

plating on the w.. This increases the 
crease the number of Salmonella  before 

likelihood that.. Salmonella will. be de-' 
tected because other genera are b e i n g ,  , 
simultaneously inhibited. ' . The- enrich-. 
ment procedure is rcomxriended for~ek- 
' amination of fecal spechiens where 
smal l  rimbeis of Salmoneh- may be' 
presenk t i s .  in  the c&? of subjects i n .  the 
carrier state. In its seCtion about process-. 
ing of specimens from the bacterial f a - .  Us. Enterobacteriaceae  (Salmonella is s' 
member of t@s family) ,. the "Manual of 

American ' Society for Mfcrobiolo&yyi, 
Washington,  D.C., p. 194 (1974) is clear:. 

It ' amaye .fs 8civlsGle to 6miloy enrich- 
ment media in the. examinatim of various 
kinds of spechem. and thelr use is practical- 
ly essinti81 'when .dealing with fecal Sped2 
mens from carrl6rs of suspected carriers.' ': 

.. m FDA ' e&ri&iht. the' agene$ 
studiesd  Salmonella  shedding by ' S W W 3  
(Ref. below). Through careful study. 2 8 , -  
percent  more  samples. (136 rather than 
94 from the 151 examined) were d e b -  

, mined . to b e .  w o n *  ' positive -wh+'. 
an;::enrphei$P.~@m wwss U s e a s  m 
samples were found Salmohella positive 
by media  enrichment:  Bnrichment Pror 
cedures had been requesm. by FDA 

. . .  

m e - m t o r ,  hbweyer, disagrees 

Clinical ~ ~ ~ ~ f o l ~ g ~ , ' '  -2d- editioq: 

.-. . 

=Other' slmw. studs bx. FDA, 95 Per- c&t,~'"&;thQ :6(1 - per&t Of 2%' 

30, 1977 
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.r- ~. : d-&g'~&~'protocol develdpmen~, stage;: . .  

.thus, the-.AHI- determination of preva- 
l e a ,  duration for this; study ,was 
cowidered inadequate-, . ,. . 

. .  > . R h , & ;  . . . . *  . .  . . ,- :.. . ;;. . . 
. .  _'. . ....: :,,. . 

. . "'Rollidr;.j.-j;FLjAProjct lo& ,: : . ' . 

(b) .The hedding- stu&i- w& Cd;; 
, ducted hthree roo- The chickens that 

. . typhimurium-. were -maintained: ;in- two 
-: septmita:. rooms; and-  the third ,.room. 
;I- -' housed:thei noninfected envIro$mental 
.. . . control animals; In one of 'the rooms  con- 

- ' . taining: Mected: birds,. the chickens. re- 
ceived:. only noamedicated -feed. .How- 
ever; & birds- that 'were infected.' witK 

- - Salmonella-. and. mxiving medicatim- 

. . birds received+one' of three different 
T' were placed in the same room. These 

medicated  diets,. either penicillin, 'peni- 
dillin plus  streptomycfn. or qulfaquinox-: 
aline. Aithouglx- Che chlckens .were main-- 

.. room, no birdswere ph$d.B.tl& room! 
t a l n e d . i n - ' ~ e ~ r a t = i  cages:withfn the 'same- 

to determine ii-bacteris- from-'one -study 
group were  flowing €0 another study 
group within. the 'room  environmental 
control). The rise in levels of resistance 
to antibiotics in- noninfected, nonmtSi- 
cated group A, as. well as in the anti.- 

gests mat, some  cross-contamination- 
might have occurred-Or that contamha- 
tion  from the enviroiunent might have 
occurred. Such contamination of con- 

- . trol groups makes. it .more difEcult to 
detectdifferences in the increase Oi drug 

- resistance between the experimental and 
controlanimsls. . . - ' .. 
h FDA-sponsored contract- CT1-269) 

-. showed the relative ease by which cross-. 
mntamination.~occurs b e t w e e i l . .  various 
study grotips. These graups'were under. 
& n i b  or more adequate  isolation hn- 
ditions than  the chicgens the -. 
study. 

Nevertheless, analysis of drug resist- -. ance dah  obtained from bacteria iso- 
lated from the various groups m a -  
tained in .Room 2 of the A H I  study indi- 
cates &re are Werences in drug re- 
sfstance  between gimps. T h i s .  suggests 
that when R-plasmib are present, re- 
gardless- of their source, they may be 

, transferred even in the *rice of anti- 

, - (c) When the shedding studies  .were 
biotic -pressure. 
initialls.muested,  the optimm dura- 
tion' of such studies was unknown, al- 
though the- 28-day duration appeared 
adequate,. Data later generated- under 

show thart shedding Patterns change 
length of the .28-da~ AHI experiment. 
after. 30 to 50 days, longer than the 

Some studies have shown Salmonella 
shedding to be decreasing in both me& 

' cated  and  nonmedicated  groups ear4 in 
the experiment, with the shedding ini- 
tially decreasing f s t p  in lthe medicated 
group. several of these experiments,* 

. -+e e q w r ~ q t , ~ , t h ~ & ~ n ~ ~ ~ ~ ~  
. . :. spPrq$mam 55 :-days .qkrdnitiatine .? 

. pstterps re%- :,apd* &$dCiit& :.&:.$he. 
medicated b i r d s .  he&st&. wm~. sh&- 
ding in the nqnmedicated birds rernahd- 
constant or  continued to decrease. In the 

. . - ". 

. were .Wperiment&ly rmected. with ' 5 % -  

biotic-bted. groups '& md &,, sug-, 

I .  

.FDA . SPOnsorshiP . I C O n h &  71-269) . 

' -. 'NOTICES 
; I  i -  kt&:- 

. .  

. -  . 
.;.opMon*p the' PhenOmrn~, ,. &' .. - , 

e=-... mtw', -'the .;mti- 
biotic attacks sensitive organisms and-- 
these predominate~-Uttle s h e d d i n g ,  is ob- served. :,pub. .*, #e ..antibiotic-resistmt 
0 remsln and become dominant 
i n y m u o n .  shedding hem. .. 

.(d). The I 2&day.. . d p t i o n  .-of-. the 
chickenstudies  should &O be considered 
in relation to the life of a-commerchl 
broiler chickeh. usuW.about:I-to.  8 
weeks. Although some changm,in shed-. 

d G  pattern- occurred- beyond 6 .v?eekE. 

. of broilers. are raised COntinUOuSlY.With 
in normal commercial production.. groups 

one group immedistel3r following .mother. 
The production  facilities 'may be cleaned 
between- groups: however, the facilities. 
are not Steriked. Bacteria left from-.a- 
preceding group, of birds are available t6. 
infect the bir@ th@t follow, and some of; 
the micmbiol~cal changes that ..occur- 

mus,'if an antibiotic is used in the feed: 
of each.group of birds, it would have an 
op- to act over a long period.ot 
time.  For the reasdns, the Director now 

mental d m  that allows sufficient  eval- 
believes it is necessarg ta use an expert; 

uation of the effect  of-.time of antibiotic usageonshedding. , . . 

. (W Resistance : tharacteristics: . (a) 
.E. coli. A ' major .concern about occur- 
rence of drug resistance. in 'E.. coli that 
are  indigenous to 'the digestive tract .is 
their Bdential,for.donating drug mist- 
anee to pathogens suchXs Salmonella. 
The Director agrees with the AHI anal-. 
ysis ,  that feerling chic- the penicillin 
supplemented-diet  signiflcantls  increased. 
(PC.05) 'the nw&er Of E. coU Wlates 
that were resfstant to ampicillin. But 
other.: aspects of the qg reststanw. 
characteristics of E. CoU my also. critical 
to an appropriate. analysis of. the data. 
Although the proportion of E. cdi.re- 
idstant to sulfohamides was high in all- 
the group3 before treatment and before 
inocrrlatfng the chickens wtth Salmo- 
nella, the bacteria were relatively sus- 
ceptible to- the other antibiotics tested. 
Results from one  sample  collected from 
eadi bird after penicillin treatment rrnd 
inoculation with S. typhimurium, how- 

be perpetusted in subsequent.birds, 

1 .  . -  - .  

. im 

.' ' 10. 
1m 

5 
5 

. 5  

. .  

' - (i) Shedding: Groups E%, aha B, were 
used to test the influence of penicillin on 
shedding and rasistance of Salmonella 
in the test animals. with group A serving 
aS a nonmedicated control  group.  Groum 

controls to monitor whether swine'ad- 
C. D, and h were used as environmental 

- . .  mh+kr& -.'.drug but' nOC inOeulated 
rematned salmonelafree!4 i; . .' :- 
orslls -vi&: tbe diek ;6-week-old pigs 

were expeslmentally infected with an in- 
oculation of 1.3 x 10- Salmonella, 5 days. 
after beginning their test diet. Preinfec- 

,tion smcmins were, free of natur- 
ally occurring Salmonella f6r all -tesb animals. For all p&s in each group,  fecal 
samples were taken on days 2. 4, 6. 8, 10.. 
12.14.21, and 28 postinfection to quanti- 

of fecal specimens f r o g  e m  test d m &  
tata.the Salmonella One-gram sampls 

wqedluteb . i n  ' phosphate-salixitSi-sdu2 
tion and' plated in duplicate on brilliant' 
green agar m m . 0  and 20 w.. 
gramskmilliliiter of,  streptomPCin. * A f t e r  

incubation,  chm.acte&tic 010- of. e- : 
monella  were  recorded. as total couiits/ 

,.. . . .. .: 
. .  

- .  . .  

., .-r . 

L 

FEDERAL  -REGISTER, VOL 42, NO. 168-TUESDAY,  AUGUST 30, 1977 



FEDERAL  REGISTER, .VOL 42, NO. 168--TlJESDAY,  AUGUST 30, 1977 



.,. ' . .  

.- . 

' FEDERAL  REGISTER, VOL 42, NO. 16&TUESDAY,  AUGUST 30, 1977 



... 

. .  

.&&e.--an&;@-t &j& .? 

-these Th--,The Director -CoI1cIIIcles 
--khat 'theq.is no .evidence -to show: that 
safety hazards. do- not &t: as a conse- 
quence of the subtherapeui4c use of peni- 
~ i l l i n . i n  anlmalfeed.. ' __ ; ::- .. ' 

. c a n  cyanamfd performed-s survw-of 
land;EusWson et at (Ref; 7 )  -of me&..- 

.three. ?najor..-  swine  proelucing areas for * 
the Animal He&h Instituteto determine 
.theextent.ofthen&uraUyoccurringan-.. 
tibiotic-reststant  Salmonella ret'rervoir Ln 
hogs; .subtherapeutic-  levels - of antimi:- 

feeds in the area. Fecal-:contents'wem 
crobials were 'routinely.used in animal 

-pled-from market-age hogs o b t a i n e d .  
f rom slaughter houses .in Pennsylvania. 
Io*, and Georgis; and these  samples re- 
turned to the laboratory fdr Salmonella 
isolati~n~procedures. E .  coli were also 
isolaterf to'obtaixkiaformaton regarding 
antibiotic resistance status of indigenous 

; ~~fio-..'..- .... <.. I<_ : . .  ........ ' 1,. 2: . . . .  ;--- ' . .  
-: ..me: first m w :  w8s m ~ d e  Lanc&+ 
ter: .CoMt&. Pennsyhrania. Out -Of 151 
animals sampled, .54  (35 percent)  ,were. 
positive for Salmonella, an& all isolates 
tested (653) were  sensitive to the- 10 
antimicrobial agents ,that were tested 
Of 31 E. coli isolates, 17 were multiply 

In %he second st&?. in Iowa, 26 hogs 

nella  out of 251 sampled. Examhation of 
(10 percent) were  positive for Salmo-- 

219 isolates  yielded 10 (5 percent) re- 
sistant isolates, but all from.. 1 -hog. 
A g a i n , (  most of,  the coliforms ( E .  coli) 
were  multiply resistapt. . :_ . . m ~ .  -in the Georgia survey,. Sal- 
mondla:was isolated from 215 484 per- 
cent) out of :256 animals sampled. Le.. 78 
hogk (36 percent) carried drug-resistant 
Salmonella; and. of :. 622 isolates.. 145 
(23 pefcent) carried tetrwycline resist- 
ance.&ly or withstreptomycia. . . .  

FouqSalmonella seroty were iden-. .  

tmct i n .  pesm~glvania; ~ e s i t .  i n .  Iowa. 
andseven &x Georgia. The Salmonella 
strain% that were resistant to more than 
one.-mtimicrobial were able to . M e r  
resistance to an E.  coli recipient.  When 
the sponsors tested representative drug- 
sensitive salmonells. isolates for their 
ability to receive R-plasmids, four- S. 
worthirigtm and two S.. newington iso- : 
lates acquired r@t&Iice after a 24-hour 
'mating.. None of. 28. other. isolates as 

s-ples represented S. .. tmhimurium. 
the most frequently isolated .serotype 
from anhnal and human  spurces- and a 
good donor of R-plasimds. 

m s u m m a r y ,  (i) 40 percent of ceca 
from animals 
and Georgia contained  Salmonella; (ii) 

in Pennsylvania, Iowa, 

None  weze ankibidic-resistant -in P e F -  
sylvanla, 4 percent in Iowa, and 23 per- 
cent in Geoda; and (iii) none of the 
salmonellae from any of the  three 
states were ampicillin-resistant. For 
E .  coli, ( 0  -7 percent of the swine sam- 
pled from  Pennsylvania were ampicil- 
lin-resistant, ( i t )  31 percent  from I O W 4  
and (iii) 39 percent  from Georgia. onls 
certain Salmonella  serotypes  were 
.shown to be good recipient8 for the E. 
coli R-plasmids in transfer. studies  done 

: (e) Kobland,. Gwtafson atu&v. Kob- 

. resistant. .... . -  . ,  

tes ted.mpkd an R - P W d .  0- tWO 

* -  
.W caunctloli;.~~ith: the: &yi,. & 
,n~.adquired:ampie5llin m & t a l l c & ' ~ ~ ~  

this bask, ;ABf concluded that natiual; .. 
4 OCCWTSW Salmonella are neither 'R. 

recipients. . . . . .  .I .. - , :. ., .. : 
'. The mx:-alone,-  however, I s .  fnade . 
suab to support -it conclusion that .the 
background  level oi drug-wbt.w- . 
monella is not increasing because there 
b no documentab- that -the. sites : e- 

representative sampk of the totsl swine .: 
lecte,d for sampling  provide .s d d &  

population. :- .The .authors ' expmed .' 
neither bow. they determined that. the 
sampled  swine had been exposed to anti- 
biotic piessure -nor. which.. &tbiotia 
were..  involved;..of 22 Gebrgfa. hhh. 
that were resistant only,to tetracycline, 

' not one. transferred its resfstsqce. and 
for this mson, the authors assert that 
the gene coding.for tetrakyW. resist-: 
anee was. p.robably located . o n  the back.: 

/ .  

Plasmid-bearing nor. wfllipg  R-plsirmid 

-mid. This ~ M O I X  is%ntrary ofu-. 
C h r O m o s O ~  ratherthan On % p b -  

renk fnformatioa .which. indicates mat ... =turalls occurrfng 
is invsriably:~plasmid mediated 

tetrscJrcline res%-. 

bacterial strsin can be taken to indicatcj 
(Ref. 8).- !Cetracy&e resistance. fn a 

the Presence of an R-plasmid because no 
evidence has ever &.own tetracycline  re- 
sistance t o .  be -chromosomally mediated 
in naturally occurring straiqs of enteric 
bacteria (Ref. .9). The'. plasmid may, 
however,  be small and not self-transmis- 
sible; as was apparently the case in the 
Gustafson  study. 

'American  Cyanamid's in vitro t&ts for 
kmonella R-plasmid  recipient activfty 
are also inadequate. manamid tested 
only  representative" sensitive &&no- 
nelh isdates;'knd four s;. z u o r t h f ? i & f c m  
and tiPo S. nerofngtijn isolates acquired 
resistance. Although -none of the! ottier. 

hi these tests, only'& single R-plasmid- 
bearing E. cdi- ilonor was USBd, and the 
compata.biUty properties of the donor R- 
plasmid were n e v e  pl.esented:IE.'is well 
recognized that 'wrtain specks ofS&no- 

. nella are generally neither good dono? * 

ratmy.  he ability of a particuls3r Sal- 
nor recipients of R-plasmid in the lab 

monelkto .act-as a recipient is depend- 
ent on :the coinpatability properties of 
the donor R-Plasmid, For e x a p ~ l e ~ l n  e- 
naturally occurring Salmonella. have . 
cent years most R;plasmids isolatd from 

been of -incompatibility groups H and L- 
and many Salmonella are not good re- 
cipients for F II R-plasmids, a common .' 

type 'encountered in E. di; Therefore,. 
without data on incompabbility muP- 
ings, the Director  believes that this aspect 
of Gustafson's study is of little value. 

(f) other studies. Wilcock et al. (Ref. 
1OY. found f a r  pater  levels  of antibiotic 
resistance tn cMd-lSolate5 of S d m o -  
nella typhimurium (95 percent were kt- 
racyche-resistant) than in isolates of S. 
chderaesuis (18 perc€d). These S t r a i ~ I S  
accounted for 90 PerCMt ol the 63,iso- 
latesde#init4?lyat&dakdwith~e&- . '  

monelkds. The greater acoessibillty of S. 
typhimurium to int&iId E. cdf in Con- 
trast to the- systemic s. choletcresuis in- 
fection may explain this difference. 

28 isolates k~ted . a n  R-plasmid 

..... 
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.MawB 
N&mkk wem requlqxi.;ata -to 
proveqoncfirstvebr thst..tbe sub*k~+ 
.~:.Use*f r a e n i c i l l i a  tuli4aJw.w 
not~crease&hedwtion and P 
. o f ~ ~ S a ~ n ~ ,  :an+at.>-Te 
not- contribute to the .deekpnent 4 

subtherapeutic use of penicillin.contrib- 

tmnsfer, $he-data;lead~to-.t~conclusion 
~ a ~ . . t h e . , s ~ t h e ~ ~ u ~ ~ : ~ u s e ~ f ~ p e n i c i l l l n  
has~not;been-sh~wmto &safe.. .,-.: : 
. .  . t18waEN* -, .; . , . ~ - .. . 

.E ‘ c b n g a r 6 s s .  “SslIllonenc+’ in the .-unfte.d 
‘I. .Ryder,.-R.;’M. M-6 -k..:Polkd, and 

‘&fsteS 196~1974.” 30- ‘Of.’Illfet?tJOS DM- 
eaSe~,;:13S:483486. 1976;- ’ ’ . - 

munication .b.FDA, 3une 18,1976: snd July 
:la. -,:a. CJ. .Bannett.  -pessonal--com- 

-26, IQ??. 
2. I?&up~ll..D.%L, S. A. Qain&,.andrH.p. 

’ Resistance among. Salmonells zsolatea ‘from 
Mercer,  ‘“Survey .of:Infectiow~MuItipleJ3rug 

R-plasmid-bearing OGgantSmn i B e c a W .  

utes ‘ b o t h  ,h . ’ .buildup < - a n d  

. .  . ,.. :. 

. .  

cmbiology, 31f8~62,~1971. 
in the United sEates...-llppli~-Mi- 

:‘S;.‘Neu. H. C.. C. ~ B . ~ e n i b h ,  E: D.iLcmgo.- 
B. ;Elouton, and ;J. ‘ .Win ter i  .*Antlmiuvbial 
Bedstance .and .R, -Factor RansSer among 
Isdates of ..Salmonella .in. the Northeastern 

... .. 
I .  

#nimsll I s o ~ ~ S , ”  Journal Of Infectious Dig: 
UIllhd.StsteS: A. comparison 0f.H- .and 

esses;Y3?:617422, 1975. 
‘ d  CTIll. F.-‘A.; ,&d-E. W. Hook. “Sslnionella 

with -3”erable Antimlmbiai Resistah 
J o ~ k . o ~ e A m e r i c ~  Meal’Assoclatioa 

ce..’ 

EBect of .Antibiotic  Therapy on the li%ecal 
Excretion of Salmonelha  typhimurium by 

. Experimentally  Infected CJiickens,” Journal 
of m e n e ,  75:275-292,’1975. 

‘6. Smith. H. and J:F; .Tucker, “The-Effeet 
of Feeding  Diets  Containing  Permitted.Ant.1- 
biotic3 on the Faecal Excretion of Sabnonella 
typhimwfum -by. ErrperimenUy Infected 
.Chickens.” J o e  .of Hygiene, .75:293-301. 

7.. Xobland, J, R .  ~ustaison, ‘P.Zangner, 
“Antlbiotic Sen8itMty of Shhro&Ua Iso- 
lated from Healthy Market Hop? ;Am, Paper 
presented fit the 76th Annual ‘Meeting, 
American  Society for Microbiology, --y:2-7, 
1976. Atlantic City. 
8. F’rnnglfn. T.. “Resistance of Escherichia 

to Tetrrbcyclines in E. coli Bearing Transfer- 
coZi to Tqtracyclhes Caangea inPermeabi)ity 

able  Resistance  Factors.”  Biochemical Jour- 
nal. 105:371.. 1967. 
. . 9. Bemenisti, R., and .J. -vies.  “Mecha- 
nisms o l  Antlbiotic Resistance in Bacteria,” 
Annual Review of Blochemisby, 42:471-506, 
1973. 
10. Wilcock. B. P., C. Ff. .Armstrong  and 
E J. Olander,  “The  Slgnificance of the Sero- 
type in the Clinical and  Pathological  Fea- 
tures of Naturally  pccurring  Porcine  Salmo- 
nellosis,” Canadian  Journal of Cornparatiye 
Medicine. 40:80188,1976. 

’ 11. Groves, B. I.. N. A. Flsh. D. .A. Barnun. 
“An Epidemiological Study of Salmonella In- 
fection in Swine in Ontario.” Canadian 

12. Voogd,  C:E., P. A. M. Guinee, A. Man- 
ten and J. J. Valkenbrug.  “Incidence of Re- 
stqtance to Tetracycline,  Chlor&mphenicol 
and Ampicillin among Salmonella  Species 
Isolated in the Netherlands in 1969, 1970 and 
.197l.” Antonie  van Leeuwenhoek; Journal of 

198 : EM?-1269. 1966. 
6.. .smith, E W.. & .J. F. ‘ T U C ~ ~ ,  ”The 

. 1976; 

, Journal of public Health, 61:396401, 1970. 

.MlPUbiOlOgP ~ d ~ & r o I ~ ,  39:321-329.1973. 

C. Cnmwomtse of Them& icritetr~n-z 

1. Background-and miterion. The 1972 
FDA Task Force was concerned that the 
continuous  feeding of antibiotics to ani- 

. _i yi 

. . (c)) . .. 

m87 
c 

. & . m j g h t m ~ f i e 7 W t m e n k o f  
cel3aJn animnl . - d i seases ;  J t  -t2Ckc&iaed 
thst additionaldnformatimaas..~- 

epiaemioiogicak and. cont?oUed &a&nge 
studies -were to ;be carried .out to .deter- 
mine-the -relationship of4the-useof an& 
bi0tiCs.h nnimnt,f& to.the effectiveness , 

ease, which-:is- criterion 2W.,of &isZnb- 
tice. To answer ,this criterion with .regard 
to subtbeqmutic use. of .peniciU@.:the 

studies. The &t,-carriecl outlp.ch&ke&. 
h v o l v e d , - ~ t m ~ t r ~ f : , a . ~ i ~ . B . i o o U  - , 

infeetion : by - mytetracycline &fte rsub- - . . 

themmutie usao~peniclllin~feecL~!rhe 
secon&diudy, in;-swine,+.dealt witk~6. 
ment of-a SalmoneUa:dLotera& Met- 
tion’ by nitrofmone. , . a l t e r  subthem- 
peut.ic:use ai.: 

:a. MI.dcmE%2?c?t TMapg. shrdtr‘ 
: h‘:feed; . ,,; ... : ’: ’ 

in~.Chkkem.-Cs> :E3Fperimer#d..desf~ 
Day:old-chicks :.were 7.~lsceb.-~on r m b i  
therapeutic :levels- . of ,-penicillin .-W 
grams/ton) ifor 21 days. ~On:.day.-21 :t& 
birds wewinfected by the intramuscular 
ti”.) 2 route with:B. COB at 4.5, X .J@ CFCI 
(colony forming --units). Subsequeat 
treatment was with oxytetracycline  tl2.5 

given LM. for:3-d@ys).:. .. 
(b) AHI’s:snmmary of.the..resuZts. The 

highest mortalitp(~6D percent) - occurred 
in the,group of :chickensmcei~.mei- 
therpenicillin norwcytetracycline.treak- 
ment, as compared..with-no-mortality in . 
the .group .receiving penici l l in . i n  .feed 
and . subsequent  ’.oxytetracycline ’ ha t -  
ment. +enicilh-supphent& .diets..re- 
duced  mortality . in chickms ;wit& 
systemic E:-coli infections.‘by-38  percenk 
.me  use .of -oxytetracycline -treatment 
alone w8s enough’to .reduce mortality 
from 60 -percent t o  13 percent. . The ’ 

penicillin-fed ‘ g r o u p s  -showed ..better. 
weight gain than the cmtr61 groups.  

Based upon the data presented, .pahen 
mortality. feed consumption,  weight 

. A H E  concluded that the subtberapeutie 
gain, and feed efilciency-are considered, . 

use of procaine  penicillin at 50 gram& 
ton did not compromise  subsequent- 
therapy of artifically  induced  systemic 
E. coli in chick&,  when  oxytetracycline 
12.5 milligram.’I.M. was .the .therapeutic 
agent. - ... . 

tc) :Director’s . a d y s i s .  :The experi- 
mental design used was inappropriate .to 
address whether the subtherapeutic use 
of penicillin in animal feed will c m -  
promise  therapy in diseased  chickens. 
The establishment of a clinical infection 
by giving E. colf. orally in chickens 
presents some practical  problems, where- 
as challenge via intramuscular injection ., 

resulted in a more  uniform  clinical  effect. 
However, infection by the intramuscular : 
route prevented the interaction,  on the 
intestines. of the infecting organism ( E .  

‘that is known to be necessary. for selec- 
coli)  and resident E.  c02i. a copbination 

tion of drug.resistance.  Therefore, the 

aSd ~XDA-:aCcOldinglp ?determined that 

of subsequent tre9-t :of. animal-dts- 

Animnl ~Heslth 3htitUte :-Submitted. two . 

. .  

.~~tor~tco~.~e.that.tPis.work in 
+hi&&pkenkd.by.AHI..fai]s b .ad- 
Qessappropriat~tan~~~sa~y-animal 
health criterion. 2 (c) I The worlrprovides 
no -evidence that -sheds any light on the 
compnrmise of therapy issue. 
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:.pj@m 
~ - d c i t p  .may-x&.b,m *e 

.iAlthough'&th b. -.ge&iaV 

. 
-fUtune.. . .  . .  . . 

detmnined by m o ~ o n & . f q c t . o r . A h e  
addition of :a single speciflc-ch.racter:to 
a nonvirulent- organism ,cm- endm Wt 
orgmbm.With virulence,&ndjthepoten- 
tial dangers of .this c h a r S c t e r . b e i q g  .me-' 
diateri,:by ..a .-le element. are 
appwat.Because R-plasmids..aqd%ru- 
lace  plasmids can :reside .in the same 
bacterial:cell. &he~possibilityAs fnerceas- 
ing :.that .:plasmids that contribute . t o  
pathogenicits may become -more widely 
. d i s s e m i n a t e d  . among bacterial ,,speciei 

O f J Z - p h m i d s  wiithin.enteric organtsms. 
due to- the selection pf -the large reservoir 

Humrrn and..-.. Health Safety M- 
. . Eor the& .reasons. 'FDA -es@bIjshed 

mediate  levels of an antibacterial dmg 
terion .3: '''IBe use of low and/or inter- 

s h a ~  .not- enhanc6 -ne pathogen~city of 

=:@ernes r&&d.:a of' 
-well designed studies to determine.if the 
use of antibacterial drugs in a.nimal 
feeds..enhances  pathogenicity of Gram- 
negative. bacilli. .F!irst,. $he sponsors were 
to determine if plasmids  ,coding for toxin 
production  could become linked to an R- 
ljlasmid.and be transferred in vitro. If this.iyas demonstrated in germ-free a n i -  
msils; > ' - gts were . t o  be.conducted 

stud&% the Director did not.require the 
- .mLto.the progressional nature of the 

sponsors to complete the- studies. during 
@e  time alloted by 0 558.15. The spon- 
sors were committed to conduqt such 
studies and to submit reports on thestud- 
ies at. regular  intervals, The AHI did 
submit. a .study conducted by 'Dr. John 
Walton -to rexamine the association of 
plasmid-mediated tbxin- production with 
R-plasmids, and datawere also obtained 
from' FDA contracts with Dr. Stanley 
Falgow. and Dr. Carlton Gyles. 
2: ' C v a z t o n  Study. The Walton study 

'(Ref. 21) reported in vitro transfer ex- 
periments using a donor organism bear- 
ing both the. enterotoxin -plasmid and 
R+ factors antibiotic resistance plas- 
mids and. recipient organism that lacks 
an 'R-plasmid. Walton concluded -that 
subsecluent  -sel&tion of R+ -transcon- 
jugants does not select for enterotoxin 

The Director Ands that the study con- 
tained major shortcomings in the proce- 
dures used. and he rejects Walton's con- 
ClusioBs as 'inadequately  supported. The 

ing pI8smids  termed ENT) used in the 
enterotoxin-producing strains (contain- 

for  the frequency of transfer of their 
experiment were inadequately  examined 

ENT plasmids and the-number of R-k 
transcogfug.snts tested for ENT trans- 

f m w e n C Y  of 5 percent  or greater could 
fer (20)  was insufficient  since only a 

be detected.  From  each  mating, 20 trans- 
co4ut.ant colonies were  pooled and  sub- 
Wtured into '100 ~mfllflfters.:oi, nutrient 
broth; then .they :Sere gromi ..overnight 

test :for toxin prodiiction-:mweva;oweper;no 
positive- control. was ,included .in .the ex- 
Pdml?nt.to show that; tn SCFeening. 1 
known ENT + colony, out of 20 colonies, 

. ,, . 

ineaIl=animals. 

P r O d U C ~ O R  

to O b t a i n & d b : ~ d ; ~ ~ h & , f l u i d ; t o  
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.' FDA Contract 223-13-7210. F'alkowhas Mfcrobfolo&a Scandtnsvica. 62343-7. 
tun of resfstance genes . i n  vivo, Under NLw K &teen K89 (B) ," AcG Pathologlca et 

-:. and. streptomycin  plasmids ;dOnst&ted 
.- in dtdby @mFation we indstin-, 

. .. . e b l e  from sucb'ampicillin  .plasmids 
:: . :obt&ixE from 'clinical ilidlates'of '8; ci$i: 

.- ., .-22+7%+7219L demonktiated. the iri:dvo .: . . More-'.wt&::Gylq; '.(FDqkontract 

nal tract of. pigs, using the, selection of- 
tetfacycline-reshtant . _ _  recipient ofga- 

' . recipient colonie. All of-the 35 .tetracy- 
. . - cline-resistant . recipient Cblonies  ob- 

. tained w e  sho+.to bear the kNT plas- 
. . ' mid. Gyle also showed that tetracycline 

resiitan'ee and enterotoxin  biosynthasii 

.. :- 5; Director's Concl+ons.-The  evidence 

: m&ts  denionstmtks that ENT plzismids 
from. both. in vitro. and -in. vivo  experi- 

-: and R-plasmids can become linked. Only 
-. Dr, Walvn's s t u d i  describes data to the 

contrarg; however, his study  inade- 
. quate for the reasons  discussed.  Accord- 

ingly. the Director concludes that the 
'-. . existing  evidence  demonstrates that R- . 

plasmids  can  increase the pathogenicity 
of organims, and @adequate  evidence 

. . has been.. submitted to prove . the 

-. . ~ ~ ~ & : . . ( ~ f ; : 2 4 ) . ~  :I:; i:- .. --  :, 

taranSfer:of:.-* Plrismias in tlie inmti- 

qsiix- as a pa+?.: for. s c r e p h g  ENT+ 

.. . -r,eside , .on me s e e  plasmid. 

- contrary. 
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tion fn a Human Entempataogenia Strain of Straina, of- Escherfchfa COB: the Discovery of 
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. . [4110-03:] 
. .  . .  

. . .  

DEPARTMENT OF-- HEALTH, 

Food and Drug Administration 
[ 21 CFR Parts 510,558 J 

[Docket NO. "7N-Q317] 
CHL+ORTElRACYCLINE AND 

L EDUCATIONJ  AND  WELFARE ,. ' 

'0)M.ETRA CYCLINE IN ANI~AL FEEDS 
Noticeof Pioposed Rule Making:::. ' : 

' AGENCY: &od.a&d Drug Admix&t.p~- 
tion. . . .  ...... 
ACTION: P F O P O S ~ ~  rule. ,. . 

. .  . .  

- _  

. . .  

. ,  

. . .  . . . .  
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, ..:. itv doe to st&s 
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furazolidone 

. .  
. , .  

. .  -_--..do 

Secs. 666.3% and 
658.M and 
658.630. 

Beca 668.a 558.630. and m.366 

k. 588.480. 
. .  

Chick& and 
-keys. 

2.4 to 7.5 gllon.. . Proarloe peni- 
cillin. ._- 

. .  
/ 

I 

.. 
. .  
. .  

. .  
.._ 

Do----..--- ----- -- Btmptompcin _ _ _ _ _  ..-.-do _ _ _ _ _ _ _ _ _ _ _ _ _  mato228~.a.--- .Do. 
Do----------------- hqeainepeni- ..... do-.. .......... Sto2Sg/ton-; ..... ~ec.610..516dtbtehspter. 
DO.. ................ Streptr.myrh.. ...... ............. 15 tn 76 g/ton ........ Do. 

cillln. - . .  

Clllin. . ' 2 .  / ,  
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4 558.145 [Revoked] 

7. BY revoking. 0 558.145 . CMortetra- 
wcline, procaine penicmin, and sulfa- 
methazine. 
Q 558.155 [Revoked] . . 

8. By revoking 5 558~115 Chlorietra- 
wcline,  wmaine genicinin,. and sulfa- 
thiazole. 

9. By amending 5 558.175 by &vising 
.paragraph (e) (2) (ii) as follows: 

.. 0 

Q 558.i75 uop;dol. 
8 8 8 8 0 .  

. (e) 
(2, * * 
(ii) Amount p e r .  ton. 113.5 b-mw 

(0.0125 percent) clopidol with a00- 
grams chlortetracycline. 
, - _  (a) . I n d i c a t i o m  for use. Aid in the 

:"pievention of .. cocldiosb caused . W.. 
Eimeria tenella, E .  necatrix, E. ace?mb- 

netti and as provided in 9 558.128. Table 
lina, E. maxima, E. m€vatf, and E. btwc 
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ADDRXSS: written appesranceS.d 

(HFC-20). Food and Drug -. 

data and analysis to the Hearing ClFk 

me, Md. 20857. 
tm Rm. 445,5600 Fkhm Lane, Rock- 

$OR F'URTHEEt INFORMAFON CON-. 
, TACT: I 

'Gerald B. Guest, B h u  Of Veterinarp 
Medicine (HFV-IUO). Food and Dru8 
Admfnistratron. IkpSrtmt  Of Health. 
Education, and Welfare, 5600 FfsherS 

., . Lane, Rockvflle, Md: 20857.  301-443- 
4313.- . .  

. .  . .  

' - 'SuPpLEMENTARY INFORMATION: 
J. . 

. .  . . . .  RELATED ACTIONS 

. '  ~n a  notice  published  elsewhere,in this 
" . h u e  of the FEDERAL REGISTER, the M r e c - .  

cine fs proposing -to delete certain pro- 
. . tor of the Bureau ,of Veterinary Medi- 

visions that proiide for the subtherapeu- 
' ' tic us8 of tetracycline  (chlortetracycline 

arid oxytetracycline) in animal feeds by 

ject f~ the provfslon9:of-.sec~o~~B12tn)_ 
of @e act (21 CFR -610.515>:  9-558.15. 
Antibiotic, nitrofuran, and sulfonamide 

..?-;... . amending ~'510.515:Anfmsl ,feed+-- 
' <* ' . ins , or C0nta-g pew >% dl-ws sub- 
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.route is of great- imporknce. to farm 
dwellers. the mzijorib of the popul@tion: 
has PO &ontact-witaUvq~imals. For this 

lioi-tant route of e-e by. which  re- 
lattm.'groi$.of. individuals, a more im- 

. sistant b&.eri+ can pasd to min &s by the 
handling  and ingektion of-meat and poul- 
try products c.htamfnated dth &plak- 
mid-bearing.8. colfof . .  *&l origin. ' .. 

I. Llnton, &B. P. A. Lea, M. H. Richmond. 

'._ . 
- . .  

/ 

W. A, GilleSDie, .'J. J. Rowland,  and V.- N. 
. m e r .  "Antibioiic €&si8tance and Trammls- 
slble R-factors in the Illtesttnal Coliform .nota of Healthy  Adults rind Children in 
Urban  and Ruhl  Community," Journal 01 
Hygbk, 70:99-104, 1972. 
. 2. Wells. D. M. cmd 0. B. James, "Trans- 
mwon .of  echou us -.-- h ~ m  

. 3. Siegel. D.. W. 0. Huber;k&S. D&dalq 
"Suman "hmapeutia  and Apicultural Uses 

BnMria Flora of, Hymmm," AnplmboUfal 
A g e U  a* ohemotherapy, 6:59863% 1975. 
k Gvy, 8; B, G. B. Rtzgerald,  and B. S. 

Ib+wone. "Change in Intestinal Flora of Farm 
'Personnel Mter Introduction of a Tetracy- 
' cline-Supplemented Feed dn a Fbr4- New 

England Journal of Medicine, 205:683688, 

. . 5. LeG, 8. B.. 0. .B. Fltzgerald, and A. B. 
Macone, "Spread of Antibiotlc Resistant plas- 
mids From Chicken to Chicken  find from 
Chicken to Man." Nature, 260:40-42, 197th 

foal, To assess adequately the s&nitl- 
(ii) Contact with E. coli-contaminated 

, t a m i n % t e d  with E. MU; H k e ' W L h t o n  
cance of the prpblem of human food con- 

', (,Ref. 1) described four fetprs tha$ must 
be measured: (a). The incidence of + 
ing animals; (b) the load and frequency 
of excretion of E.  coli from  these ani- 

,218, 1975. - 
Wrpimals to Man," JownCl Of HygienC, 71000- . ,  

of Ant!l+arial Drugs 87Xt Resistan- Of the 

1976b. 

pl.&m.d-becuing E.  coli i~ food-prodUC-  

B-48 

. .  .. I 

m a y s ; ,  (e) &e d e m ' d ' $ %  '&:con- 

. . . . .. . . ...,. . .  

.taminationof c a r c s . s s e q s 4 ~ ! g h t e r ;  and 

variOu$ host a & u @ s , w t t h  eom- 
( d )  the overlap of E .  c o l f : k e m ~ .  fn 

monly found in . h U m a r +  A nubber of 
surveys have clearl~'''docu.tn~W. that 
p a  calves. ahd PoUltsJr carry a large 
reservoir of. antibiotdk-rei$tant E. cou 
(Andwon;  Ioker; M @ - c & r ; . p i i t h :  How6 
qinton and Osborne; Smth and Crabbe 

mails excrete a large n w r  of E. coli 
resistaxrt to a . w i d e  . r a i a g e  of clInit?all~ 

voir ''rich': in R-plasmids; More~ver, they 
useful antibiotics a d  m h t e  8 -- 
excrete a large variev of serotqes of E.  
coli. 
ming a e  slaugh&g proCes~. c&- 

tsnninstion of c1vc~~9ses ytthIlnbtin81 
miemrganlsms cannot:..be. Prevpted. 
Meat and meat produccS are o f h  . con-' 

Wdton (Ref.. 9). dekonshted .W- 53 
cdi, and these often reW the consumer. 

percee of the c?arc+ses of cattle and'83 
percent of pig carcasses from commercial 
abattoirs were contaphiated with E. colf. 
Wakton and Le* (Ref. 10) isolated re- 
sistant E .  coli from 21 to 50 specimens of 
fresh meat  and from 4 of 5b specimhs of 
cooked  m'k6. ..Babcock et al. (Ref. 11) 
isohkl multi-resistant E.. coli from 80 
pexcent of 98 samples of dressed beef. 
m t a n c e  in most c e  was found to be 
t '  ' ble. 
=incidents of E .  coli C~n&lha- 
tion'occur with the slaughter of chickens 
(Kim and Stephens (Rei. 12). Cooke et 
al.; and Shooter et sl. (Refs; 14 and 18) ) . 

:%e presenw of antibiotic-resistant E. 
coU .in: the animal htestinal traet and 
on the carcass' does ,.not .conclusively 
prove that the E .  coli are identical  or- 
ganisms. However, recent studks using 
serotyping methods have charaderized 
resistanti and sensitive E; i!qU isolated 
from the a intestinal tract &nd car- 

(&&. 2 t h r o u g h ,  8, t~Xl5) I-- ' % ' h e  .+I& 

tRlxltnskd with ~t&iOti&reSistad E. 

. .  

cass (Refs. 13. 15.16, amd 11). and have 
found that the resistsnt 0-serotypes on 
the carcasses of pigs,  calves, and poultry 
f r e q u e  are identical to those isolated 
from the fecal contents of the same ani- 
xtaL Moreovek, Linten, Hme. et al. (Ref. 

co2f found on table-ready thawed chick- 
17). &owed that a large number of E. 

p o r n  anl3biotics.- The organisms 
ens were resistant to therapeutiCany im- 

readhg the kitchen  included a wide di- 
ms%~ of  O-semtyIieS of antitiiotic-re- 
sisl;ant E. coli. Similarly, Shcioter et d. 
(Ref.. 13) described tne dbtribvtion and 
serotype of strains of E. coli from a poul- 
trJl packing station and an abattoir and 

-mmcluded that "results in both the ab& 

dicah, that there is transfer of strains 
toir and the poultry packing station in- 

from the faeces of the animals to the en- 
vironment  and that the strains of E. con 
found on the cart- of poultry, cattle, 
and beef will originate from the faeces of 
the animal and from the environment 

-. and will e e c t  the history of. the car- "e&,-&&"<; . . ~, :-. .:. - . .. . 

. The epideniiologo~of Salnionellh-..We- 
tions also supporta the conclusi&: that 
the.. reservoir of R-plasmil-bearhig en- 
teric bacteria in animals is a, slssificant 
source of R-plasmids for hum&. Food- 

, I  . . - :.<: . L. 

/ 

. .  

-. I 

-.. 
::; 

, 
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.; -.-:<>- :!. Ib; Eowc4 A. E Ihkm luk@ k D .  0.- 
-. -... d M.csrcssa , p o l e  

' .'- "* Investigation 

-.. t -  tsminaton from coli fmn th. 
.... ?-. .Qat antents St S l d g h k & . w  Jot~?na8 of A p  
: -  . plied BaCti?riOlOgf,,  41:37-46, 19isb. 

.... 

. . ,  . . .  .. 16. Linton, A. R. E. EandXey. A D. Os- 

. - TwoAbattoin%liyBschctfchiocoH~th~ 

. ~ 42:.*gL Isms: ... 

- borne; B. 0. Sham T.-A Roberts, an& W. R 
1 Hu&Son. "Oontamlnsuop d Plg Camasmi at 

' . .- +I €&f* t O ' o s e r O t p p e s  bnb htlbi~titc 
ResfstancqL ;routMI oli-npplied Bacterfologg, 

l&;rlinto+~. E, IL Howe, C. L. Hartley. 
and E I!K: qementa. "Antfblotic Resistant 
an& Sensitive Xsbhetfc7rb CON 0-wtypea in 

. . s l a n g h t . 6 ~ ' ~ ~ ~ ~ m c k ~  and the Poten- 
the Gut ind on tbe Carcass by Commercially 

.. tial Public. Health Implications," -in press 

.,~ ..: . . O o o b q .  rn&*A. L,.B+- "+limhl SOUX~S 
18. @ootq R, A.,, S. A Rousseau, E. h4. 

s?:' _, . .or Common Serotfpes of Bschetichfo coM in\ 
'I' tlie Toad of €?ospit& PaWenP,'' Lancet. 2: 

''.. . .: 1 s . , F D C .  Dochet No. 77Nh156. Environ- 
&tal. ?nqiact Analysis and Assessment Re-. 

PentciIlln-Sulfonamides (CSP) and Penicil- 
ports (EIAWEAR) for Chlortehacycline- 

lin Streptomycin Premix Combinatlons. 

(MY wkl_espred ptesence in  the en- 

. - t b r o ~ h  6)  have shown that intestinal 
m r o n m t .  Many .studies  (Refs; 1 

I bacteria (e.& -E. coli and Salmonella) 

the environnlent. Resistant strains reach 
carrying R-plasmids are widespread in 

the environment  from  both  raw and 
treated municrpa<  hospital,  and animal. 

. reported -in sewage and the effects of 
wastes. The number.of  resistant  bacteria 

sewage eeatment vzg-y. Most surveys in- 
dicate that haspit#  sewage  contains 
more drug-resistant  coliforms, mom R- 
plasmids, and a greater proportion of 
R-plasmids p i n g  multiple  resistance 
than sewage from dometic and other 
'mwces However; hospitals do not con- 
stitute a large proportion of' total sew- 
age. Therefore, Linton et al. (Ref. 4) 
compared the contributions of hospital 
and domestic  sewage to the total pooled 
sewage output of the city of Bristol. and 
concluded that' sou~ees such as indus- 
tries and homes, rather than the hospi- 

appear to' be by far  'the greatest 
conmut?rs to the reservoir  of R-plas- 

R-plasmM-contsining  bacteria also 
&ur in.rivers and sea water, and some 

. authors have urged stricter control of 
* discharges to surface waters. Feary et 
aL emf. 23 examined the incidence  of 
antibiotic-resbtant E .  coli present a t  
sites along a fresh water river system 
and within the salt water  bay into which 

were  detected fn nearly all the fresh 
water sites sampled and in about 50 per- 

that 20 percent of the 194 strains tested 
cent of the salt water sites. Feary  found 

contained Rplssmids carrying  multiple 
antibiotic  resistance which could be 
transferred to sensitive SaZmonelIa 

typhimurfum) , Shf- 

- 1977;'..:c ' 

.- !a26-22S,.197a:; . ;; 

. mi& in the communifq (Ref. 7). 

lt empties. Antibotic-resfstant  coliform^ 

is a skniflcant health concern  since 

B-49 

&0TlCE5 : . .. 

cbbraqpherd~. is often . t h e  antibiotic 
-of choice .far t h e .  treatment of typhoid 
fever and fai the t r e a t m e n %  of systemic 

.ties. IRI Fkwy's'study, the. Igcidepce  of 
coliform orga&mi 'appeafed- higher 

fbnns were a h  recovered with ease from 
rural r u e a s ;  one case where  partic- 
ularly htgh counts were obtaheg; the 
~ ~ l c . : w a S  taken ,&low +_.large. 'c+ttIe 'feedlot,' . ' . . . . . ,. 

The . h i g h  ley@' or resfstant  coliforms 
m y  be of mbre'konsequence in the @t 
-water s9ce cettafii sections are utilized 
heaviV by @h&men in harvesting fish, 
-shrfm~, claiix, zind oysters. Oysters and 
clams are of primary  concem  since they 
continuousbr 'filter. water and concen- 

bacteria in their gut and are often 
'eaten  imcooke&.- . . 

also described a high incidence of re- 
Recent rihrts bYCooke (mi. li have 

sistant coliforms in marine shell&& and 
fvshwater'mu.G&.s. 'These data are re- 
viewed in'more depthln the CSP =/. 
EAR (?ocket 77N-0156)) 

that, the environment. is heavily  conta- 
Therefore, the Director must conclude 

minated with bacteria  containing. trans-. 
ferable!  antibiotic  resistance. Man is ex-. 
posed to the danger of acquiring resist- 
ant coliforms from-the environment. iind 
the relative  number of resistant bac- 
teria  are increased 'bo# by -the use of 
antibiotics in animal husbandry and in 
human medicine. Antibiotic-resistant 
bacteria are now so widely distributed in 
the general  environment fWt f t ' i s  difE- 
cult to relate their appearance to a par- 
ticular use. but any ullllec- practice 
which results in the ineffectiveness of 
antibiotics for the treatment of disease 
should be. eliminated. 

-- && j g .  Oth& 's&n&&J spe- 

aroulul heam p~pulsted but COW 

:. 

. .  
RJnmRENus 

among Coliform and Fecal Colifdrm Bacteria 
1. .me. M. D, ' 'klbiotio Reststance 

Belated e m  Sewage, Seawater, and Marine 
Shellfish," AntimicroMal Agents and Chem- 
otherapg, 9:8T9-8&4.  1976. 

2. Few, R W, A. B., Sturvetant,,  and J. 
Lanlrford. "Antibiotic-Resistant CoUforms in 
Fresh nnd Salt Water." A f ~ h i U e S  Of Enuf- 

3. cirabow. W. 0. IC. and 0. W. F'rozesky, 
ronmental Health, 25:215-230. lO?a. 

"Drug Reeistancp of Collfmm Bact?rh in 
Hospftal and City Sewage." 'AntfmfcroMol 
Agenta rand Chemotherapy, 3:175-180. 1973. 

and W. A Gilleepie. "Antibiotic Resistance 
4. LLnton. K. B., M. H RiChmO~d. R BavSn. 

and R Factors i n .  colllorm BacW Isolated 
from Hospital and Domestic Sewage" Journal 
of Medical Microbiology, 7:91-103.  1974. 

6. Richmond. M. E.. "R factors ln Man 
and Hb3 Ehvironment;" in '"icmb!ology- 
1974.- edited by D. Schlesinger. Amerlcan 
Society fm B5croblology. Wssllington, D.C., 
1975. 

6. smith.'E W, "Incidence in River  Water 

Nature, 228: 1286-1280.197Ob. 
of Escherichia OoZi Containing RF'actors,* 

7. FDC Docket No. 77-0156, EIAR for CSP: 

(c) R-plasmid-beating human and 
animal strains of bacteria ouerlap. Typ- 
ing of surface bacterial antigens is used 

. - s t r a i n s . . , : m , m  .of -specifia surface 
as a means of identifying  bacteria 

::imugem areassoCiated wi th  theB.:coZf 

sntigw. "K" capsulsr or  envelope anti- 
cell: An. *'ODs cell wall liwpolydaride 

Ben, and an *'H" flagellar protein anti- 

. .  

0 

gen m c h  .WS among  mobile .ova- 
nisnis; me.o The &II+!Iw .. , . ~ : ~ ~ ~ ~ c  

. -d''they ser% , t o  jam* dlstinmkm (sera- I 

W S )  withtp specifir; Their preseid fs 
detected by the.abjlitp of 8. colt o m -  
niSmS to interact with specific anti- 
'serums, , . 
- . CL) Epi@niiozogical iiioestfgations-E. 

spread  occurience of R-plasmidi 'in the 
-coli- setotmitig. (ai . ~esp i t e  the wide- 
environment, s h e  workers (Bettelh&n 
et aL. Rei; 1) suggested that- huina;h- 
E. coZf and animal E, coli wef6 'distinct. 
These workers, at.gued that. there were 
marked  diEetences'in  serotype distribu-- 
tion in strains fsolam fiom man find 

- animals; thw @so .$ugges$ed 'mat, ani- 
mal strW of E. COU Were not reaching 
'the human  popirlatian or 'were failing to 
implant i n .  the bowel. More  recently, .. 
however, this same  group,  Bettelheim et 
al. (Ref. 2) .  compared the Serotypes of 
13,139 strains of B. coli isolated from 

mal stmiins of - E. coli; 708 Werent O/H 
serotype  combinations Were found. Of 
.these, 520 were  found in human strains. 
'only, 130 from animal stzains.onl~, wd . 
58 O/H simtype from  humans and ani- 
mab. -TKe authors concluded: . 

paper would  indeed snpport the view that 
At fIrst glance tI&re&lts described In th ia 

Iargely distinct. Second thoughts, however, 
human  and  animal stiains of E.  'mu are 
suggest a little  caution in acceptlng the opln- 
ion too firml_y. i. .. .:. ... -- 

-However thoroughly human or anfmtrl 
stools are e x a m i n e d , ,  oply. a minute fraction 
.of the total b&terial. c0nbnt i s .  eXtUlIhed. 
-and inevitably' strains recorded: &.'being bo- 
lated  tend 'to 'be th+. that predomlnate. 
It is always probsble that if exardnation t$ 

but-  after an' amowit of3vork that W h n - .  
practicable in any .-ozdtnary investigat!c)n. 
Ii this is so, it L possible that many of the. 
strains recorded as comlng from humam 
only or from-animals'only might., with more . 
diligent exsmination. be recorded as present 
in both man and animals 

hmsns' with the ~ ' e r o t g p e S  Of, 1.076 a& 

'continued. rurtaei stzains may be iSolat.4 

. .  
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1. Bettelhelm. lC A, A BE. Bushrod,.E. 
Chandler, E. M. Coohe. 8. O'FarrelX. and R A. 
Shooter, "'Escherichfa cox Serotype Distribu- 

gfene. 13:467471.1974. 
tion  in Man and Admals,W 'Jounrcll. of H p  

2. Bettelhelm, E. A.. N. Ismall, -8- 
baum. R A Shooter, E. Moorhowe, and 
Wendy Farrell. "The Distribution of 8a-O- 
types of Esche,rfchia coli in Cow-pet. and 

typ& of E. coli lsolated from Human 
other m m a l  Material Compared wi th  &ro- 

Sources;' J-a1 of Hvgim.  76:403-406, 
1976. 

.~ . '. 

ib) Linton, Howej Richmond,. i d  
their collaborators (Refs, 1 through 4) 
also conducted  extensive  epidemiological 
investigations.  They  found a wide range 
of resistant and sensitive  0-serotypes of 
E. .coli in calves, pigs, and poultry, and 

those found in the human intestine. The 
they  compared these serotypes with 

common. to man were also. common to 
authors found that many  0-.serotypes 

one  or  more of the three Rnimnl species 
exkine& Thus..they conkbd,ed-+t it.- 
fs impossible t.6 make a cle8.f d!sb&io 
between "animal" and '%humah"' intesti- 

n 

nal strains of antibiotic-resistant E. coli 
based on 0-serotyping alone.  More hn- 

. .  
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..: , . :. . : _. ._.. . .i po%tly, we studies suggest & 

able. overlap in tlie distrlbutioQ of R- 
,-. plasmid-bearing  O-serotype$ in man and 

in animals. Moreover, the sthe re&&mt 
;'-. 6erotm which pHominate in the E. 

axid ' a n h s i l .  fecal burces' were also 
coli population? from .healthy human 

strafns.from~clinical  mat&@ (Ref. 5). 
. . the iise of. o-serotyping  alone 

as. an epidemiological toolhas been crith 
. &td on 'the grou~ds that it k inqom- 

. . (,?,ef:2> exaxpined E. coli for.the K:and-' 
. . . plete-and iaadeqUate,.Howe and Linton -' 

-: H' antigm- as well. . a s  .the 0 antigen. ' 
' . They studied 90 strahs..l? chokn at 

random  Trorn. humin urimuftract'fii-. 
' . :- fections: 17 from hum-. feces, and. 56 

. from calf feces: all belonging to 0-types 
8, 9, snd- 101. The authors found .me 

.;. sameKandHantigensincertainstrains 
' of the same 0-types from ea& of the 

sociated with these 0-serotypes were liot 
types were-not Specific to antigenS as- 

specific to E. coZi isolated  from  humans 
or from calves. Altho'e further sub- 
divjsion of the. three o-sefotypes was 
possir>le by this means, the authors con- 

a very useful  means of distinguishing 
dud& that 0-serotyping alone  provided 

strsfns of E. coU4n a general survey: . . 

These studies. show that a simiisr 
range of drug-resistant  R-plasmid-bear- 
ing 0-serotypes of E. coli  have  been 
found in man- and the variow  animal 
species  examined.  Furthermore, the 
studies show that  the ratio of drug-re- 
sistant to drug-sensitive.  isolates was 
much  higher in an imh than in man 

diversity of drug-resistant R-plasmid- 
(Refs. 2 and 6 ) .  Thus the abundance and 

- bearing 0-serotypes in animals &-e much 
greater than that currently  found in 
man, and  the  semtmes overlap. 

REpEaENcss 

: - _  

. prevalent . = O w  . R-plasmfd-bearing 

. .  

--. - three E. Coli sdU$Wh. Additronally, K a i d  
H antigens ILssOchted with  these 0 - s e r o w  

1. Eartley, 0. L.. K. Howe; A. E Linton. 
K. B. Linton, and M. H. Richmond, "Distri- 
bution of &Plasmids Among the 0-Antigen 

.- Types of Escheffchfa col- Isolated from Hu- 
/" . man and Animal S0urces.n Antimfczobbl 

2. H O W ,  K., and A. H. Linton, 'The Distri- 
. bution of 0-Antigen Types of Escherichia 

' C O Z f  in N o m 1  W V e S ,  COmpSred  With M a  
and  Thelr  R-Plasmid Carriage," Journal of 
Applfed  Bacteriology, 40:31?430,  1976, 

borne. "A Longitudinal Study Of EScherichfu 
3. Howe. K., A. H. Linton, End A D. Os- 

. ence to the Distribution of 0-Antigen .and 
coli in Cow6 and Calves wlth Special Ftefer- 

Antibiotic Res-ce." Journal oj Applied 
Bacteriology, 40:331-340, 1976s. 

4. Linton, A. H., B. Handley. A.  D.  Osborne. 
B. Q. Shaw. T. A. Roberts. and W. R. Hudson. 

' "mntsmlnation of plg carcasses at TWO Ab- 
attoirs by Escherichfa coli with Special Ref- 
erence to 0-Serotypes and  Antibiotic Re&& 
ance;' J o u m l  of Applied  Bacteriology, 
42389-111,  1977. 

5. Petrocheilou, V.. and M. E. Richmond, 
"Distribution of R-Plasmids Among the 0- . 

~ . Agents a* Chemotherapy, 8:122-131.  1975. 

-. - . . -  .* ; . -Antigen ~ E s c h ~ h f q - . c o l i r ~ + ~  ' 
from Vsrioue. CIMd-&m". "dntfmicro- 
Mol 6. A . g e n t s . l a n a . : ~ ~ m ~ S ~ , ~ : l Q 7 % .  Howe,'g, H. Lin~n,;-.&.d-k D, 0s; . 

borne. 'The meet of Tetracycline on the 
Colfiorm Gut Flora of Broller Ghickens with 
Speolal Reference to Antibiotic  Resistance 
and 0-Serotypes of Escherichia &Zip Jour- 

NbTi& 

(U) . D$&t tng&&n eof2lence.; m c t  
.hges~on expe&mmts have also been 

ing E. cozf of farm okigixi'c&i colonize*e 
humap inks-. tract. In. 1969.f Gmith 

strrrins were poorer at colonizing the in- 
(Rei. 1) conclude+ that aniplal E,- coli . 

testine ,of man thah were hinnan B..cpU 
stmini.. However, his observations  were 

,bas& on a kingle volunteer .(himself) 
an& a. number of .: Sr; cot& stisins,-- 
Cihk&,.in 1972 (Rei. 2). on the- other 
hand, reported that f t . W a s  r e l a t i e  easy 
to produce  temporsrJi  colonization of the 
intestine. by E. COU stra;fiis from both hu- 
man'anct animal sources.~ she reported 
the.persfstence of an E. coli infection. of 
an(mal originin. a human volwteer for 
120 -days following the, ingestion of a 
very  1Srge~d.ose. ' . . . .. 

ana 4) canflrm that tempararg colonizs- 
mer.. experimeitw, studies (ads.' 3 

tion occurs provided a large doseof the 

deal of. biological . var&tion  between 
organisms is taken, but-there is a great 

Werent-human individuals. In normal 
colonization for different strains and for 

individuals, the carriage of intestinal E. 
coli seems to follow a characteristic pat- 

dent. strains that establish  themselves 
teni. Each person carries  one or two resf -  

and multiply for months or years.. In 
addition. foufbr more transient strains 
are. present for a few dam or 'weeks. 
Strains disappear. and are: replaced by 
others. Sometimes, under antibiotic 
pressure, a new strain suddenly takes 
over, later disappearing. Strains of E. 
coli thus differ in their ability to colonize 
man. Although some strains are not well 
adapted to colonizing  man, others N e  
as able to live in human as in animal in- 
testines. The greater the diversib of 
R-plasmid-beeg  0-serotnm  that 
reach the consumer, the greater .the 

biotic-resistant stmini be capable 
prolmbility that one  more of these anti- 

of  colonizing  man. 

(Ref.. 5) demonstrated Qat antibiotic- 
Recently,  Linton, Howe. Bennett, et.al. 

resistant E. coZi found on a commwcidly 
prepared  chicken  carcass  colonized the 
intestinal trsct'of a human-volunteer. 
Two strains present on the chicken car- 
c a s  handled and eaten by the- human 
volunteer were  subsequently  excreted by 
her'. Both strains were undetectable in 
the human  before contact with the 

to be  identical in chicken a d  - man by 
chicken  carcass. The  strains were shown 

comparing their serotypes (0, K,.and H 
antigens) and R-plasmids. The plasmid 
complements  were  determined to .be 
identical by electron microscopy and re- 
striction endonuclease patterns. Restric- 
tion endonucleases are enzymes that 
DNA at specific sites. Physiochemical 
techniques then visualize these plasmid 
frapents. The identity of these  plas- 
. mids c g  be  determined br a comparison 
of the- DNA .fragments. generated using 
rest.riction ---with Merent recog- 
nition sequences. The Lintbn study 'also 
suggested that the handling of the un- 
cooked carcass provided a greater  oppor- 
tunity for  transmission that does eating 

-ducted to &OW that R-plaanid-bear- 

. _  . .  

. .' 

u 
. .  
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$&- .wbi&.we SESO discussed depth under 
2.. .'- . pa;rt IV. B. below. 

c;+.-. whit% %plasmid transfer. occurs in the 
..-!. . I akaiq-of modifying infiuences,. it has 

.<' resistance in bact&a, including patho- 
gens. The condit&ms op the S m i t h  .and 

' .., about by the practice of. feeding sub- 
Tucker '. studies mimic ,those brought 

.. ' therfbfm~$lc  1eWs of -tetracycline and 

-...,- 

-e< .,& . ,  . 

--.,. . . Regardl& . of .  tple freq&&y - with 

.: 2.-. . &uired. and given rise to antibiotic 

-c-.-:- . 
.__ ~ 

..., . . - 
~.'. 2.. 

- ., 
.. 

;.. . othea antibiotics to animals !m&t prac- 
.::..;. . ti? leads to an inm- in and ~electim 
by?' - .. for .R-plasmid-bearfng, orgaslsms; and 
.. . . if therefore increases we probability of 

.':.. .. in vivo R-plasmid trausfer. to pathogens. 

', l..'hd&n, J. D., W. A. Glilesple. and M. 
E RWmmnd. "Chemotherapy and Ant&- 
biot4eR&stan& Transfer between En- 

. . :  ~. Trfbct," . JownaZ of XedfcaZ ,J@robiolog2r, 

-. :. a. P. M?. '-e? at Multiple 
fram Bscherfchfa COZf to 

a: ZLm-tm-ttrn tn %.Mouse In- 
testlne," Antonie van Leeuwenhoek; Journal 
ol B¶ctobk?losy and SeroZ?gy, 31:314-322, 
1965. 
3. -pa. M; '"!rransfer of , Drug ~ e -  

&tan- between Znteria Bacteris Induced 
in the Mouse Intestine." JovrncrT of Bac- 
teriology, 88:322431.  1964. 
.: 4 , N i w ,  8. C, M. .D. York, and B. S. 

. .mmeroy. ,;In Vitro and In Vfvo Transfer of 
p r u g  , R e s f s t a n c e  from Salmonella and 

.. Eschkrcnfii coli Strains in Turkeys." Amerf- 
cm'Jounurl of Veterinaty Research, 37:433- 

fer of Antiblotic Reslstanae (E-factor) in the 
- 6. S8Lzman. T. C.. and .L Klemm, "Trans- 

-Mouse Int&tlne." Proceedings of the Societg 
l o r .  EEpetfmental and BioZogfcaZ  Mea+=; 

lceslstance from Antnials and ,Human 
6. Smlth. H W, 'Transfer of Antibiotic 

Stralm. of. Escherfcpfa cdi to -dent E. 
COU in me Bumentary Tract in Man." Lamet 
1:1174&1176,1969. 

. . 7. mt& ,E w, "The Trrrnsier Of Ants- 

becteria in Chicken& Calvfts, and Plga," 
blotlc aeslstance between Strsina oi Entfm- 

JoirnioZ of M&icd MctoboZogy, 3:165-180, 
1970a. 

. fective Drug Resistance." Nuture, 211:312413, 
' ' 8. Walton, J. R, "In Vivo  Transfer of In- 

, -  -: . i 

baaterls tn the  H , m  C+b'+tnWW 

' 6:481473,1973. . 
.. . 

- 437.1976. - 

128:39-94,  ID@. 

1966. ' -  . 

We& of Antmtotia 'rhecapy on the ~aecsl 
' Exaction. of Sdmonelld typhirnivivrn by R- 

perlmentallp Infected Chickens," J w m l  of 
HY-, 75:275-292 1975. 

. (iv). R-plasmid cmpatiiility studies. 
Another FDA sponsored study  (Ref. 1) 
examined the compatibility  properties of 
more than 100 R-plasmids from E. coli 

. and Salmonella isolated form animals in 
order to determine  whether the plasmids 
are related to those  isolated-  from  man. 
The usual method of genetically  classify- 
ing plasmids is based on their ability to 
exist with each other in the same  bac- 
terium~ Genetically  unrelated  plasmids 
can exist in the same host, and they 
are called  compatible. On,the other hand, 
related plasmtds canno& coexist, and they 

. .  .w; c&l€!&r  be; 
longing- to- the- same : hcompatabqty 
'group ampresumed to be relatea.:'--" ' 

The Food and Drug Administration 
study showed that the R-plasmid bcom- 

9. smith. E W; and J. P. Tu~Prez, "??he 

' NOTICES 

patibility groups . s e e p  fn animal isolstes 
show the same distribution ss . t h a s e  
found in human isdlates..This therefore 
suggests that hubn f i d  spimal bac- 
terial wpulations overlap: there sre not 
separate and distinct human and .@nial. 

- A mbr6 apphach  for e x a m i n i n g .  

the relationships between plasmids is to 
measure the proportion of DNA 
sequences (that $ .the  nuniber of M g r  
or.  identical  genes) that are common to 

.d tion). R-plasmids  belonging to the' sanie 
incompatbility groups of h w  and 

smined by DNA-DNA: hybridization 
'animril. origin are identical  when .ex- 

techniques (Refs. 2 and 3). Restriction 
endonuclease activity has also confirmed 
the simihrity of %plasmids. isohted 
from enteric  organisms of human.and 
animal sources (Ref. 4). Therefore, the 
Director  must conclude that R-plasmids 
of human origin are indistinguishable- 
from those of animd origin. . . 

r CES 

R-plasmlds. - 
. . .  

Sny tWO Plasmids (DNA-NA hgbrfdiza- 

1. FDA. contr&t m-75-mo.. 

(3. A. VFlllshaw,. "The Molecular Relatedness 
2. Anderson, E. 8, (3. 0.. Hu~i~pbeys, and 

and Animsl Orlgln." Jou+nal of General 
Bficrobfology. 91:37f3-382.1975. 
. 3. Cirlndky, N. D. P, 0. 0. Humphreys, 
and E &-Anderson, "Molecular Study of 

Bacte+fo&gy, 115:387-398.1973. 
€2-factoa Compatibility Groups," Journal of 

tropp a n d  M. Penaranda, "Characterization 
of an EL-plasmld Assoelated with Ampleillin 
Reststa:nce in ShfgelZa dysenterfac Type 1 
Isolated from Epidemics," AntfmfrroMol 
Agents and Chemotherapy, 11:563658. . 

. (v) H-. m e  the presence' of 
antibiotic-re%istant E. coU in the intesti- 

. no irmnediaete  problems to-an individ- 
nal tract of humans may generaly ca-we 
ual, under certain circumstances it mw-- 

ple, E. COU is the most usual cause of 
lead to danwous situations. For exam- 

hutmu urinary tract infections and 
commonly arises from an individual's 
OF. intestinal flora.  Sulfonamides are 
general& the drug of  choice for  treat- 
ment of urinary infectfons; however, a 
sigr&%mit number OS infections with 
sulfonamide-resistant ".strains are now 
feporkd. 

Antibiotic-resistant .E. co2i in the 
bowel  of man also constitute a reser- 
voir of organism capable of transferring 
resistance to intestinal  pathogens.  Per- 

. health d i n g  from the use and -&e 
haps the greatest hazard to human 

of anttbiotics is the large  reservoir of 
plasmid  borne  resistance  genes in the 
normal intestinal  flora of animals q d  
man and their presence in the environ- 
ment-resistance  that can be tranferred 
from  nonpathogenic to pathogenic  orga- 
nisms. 

plasmid-mediated resistance in patho- 
In rment years the emergence of R- 

gep9 has w. 1dentifie;r in epidemics 
' arqimd'.tae' W&l& A strain oc SaZmonellcr 

' tupu.  carrsing an R-Plasnhid-determin- 
ing resi+ance to chloramphenicol caused 
an epidemic of tsphoid  fever in Mexico. 
Transferable  chloramphenicol  resistance 

. .  . :. 

O f  R-bctom in BlterobacterlS Of .Human 

4. Cr- J, J: OWta, L. Ma-, L. Lut- 

/ 0 -  

.has  also become common in S. &hi bo- 
hW, in Indian. Vietnam and Thailand 

resistant Shigella  dysenteriae - inf&&n 
. tkei. i) .. The recent .epidemic of drug- 

in Central America (Rq. %= is another 
'eiample of =-.epidemic disease whfch 

. was no longer sus+ptible to treatment 
by antibiotics that had previously. been 
w f u L  Plasmid-mediated . resistance 
' h s s  been reported in strahs of Bbrde- 

:scientists.  have deinonstraW plasmid- 
teUa brmhiseptica (Rei. 3). and .FDA 

~CJrCline, strc?~toniych, aild fllvonsmide 
mediated re&tanSe ta penicU&,,tetra- 

strains of Past&relkr.muFtocfda and. 
Pasteurelta luremolutfca,.. both of. which 
cause serious diseases. in anima (Retn 
Band4). 

Recent. studies (EMS. 5 through 12) 
have also shown that the genes specify- 
ine resistance to ampicillin;tetracycline, 
kanamycin, chloramphenicol, trimetho- 
prim. and- stre~tomscin reside o n .  DNA 
sequences, that, a.re able to translocate 

'. discrete unit, or  from a plasmid to the. 
or move. from plasmid to plasmid 85 a 

bacterial chroaosme. !t'here.forcJn  ad- 
:&tion to movement of r&tant  bircteris 
from snimals t o ' m a n  and the traxkfer of 
R-plasmids  between  bacteria, the genes 
.ihat reside on the. plasmids .can them- 
selve4 migrate from plasmid tO.plasmld 

plasmid  does not have to be stably.main: 
tained within a ceIl to donate its resistant 
genes to a recipient  chromaome  or an 
indigenous plasm& 

- Tetracyclines are the. &g of choice 
for most infections caused- by my- 
plasma, riekettsis and chl-dii &me 
of these organtsms (e.g, the causative 
agents of Psittacosis, .Ornithosis, and 
,Q-fever) are known t&, Spread from 
animals to man.  Under  a;ntibiotic pres- 
sure, the development of tetracycline &- 
sistance has been shown in Co;cfeZZa bur- 
n e b i f ,  the pathogenic  ricketcsta  causing 
Q-fever (Ref. 13). Myco~lasmas recently 
have been shown to plasmids of 

Tetrscscllne-resistant  mymplasmss.have 
as yet unknown.. function (Rei. 14). 
been hlated from the urinogenital - 
twt of patients with  various  disorders 

thizi resistance is chromoomal or plas- 
(Refs. 15 and 16). It is uncertafn whether 

mid-mediated.  However, there is .cer- 
"tainly a possibility of animals under 

antibiotic Pressure acquiring  tetracy- 
cline-resistant mycoplasmas, and of the 

cline  resistance to R-plasmids. There are 
translocation 'of chromomal tetracy- 

recent data indicating that some Mpco- 
plasma may be pathogenic. for a wider 
spectrum of life . t h a n  was originally  be- 
lieved  (Ref. l?). 

nous  plasmid  gene Pools. In .fact, plas- 
Most bacterial species pw&s indige- 

mids  have  been  found in all specie of 
bacteria which  have  been  examined. The 

known; but they could 'serve as eKec- 
function of these  plasmids. is often m- 

. tive recipienb for the insertion of trans- 
.locatable genes. The recent .emergence 
of ampic~-fesfstsnt strafns.of Haemo- 
phflus fnpuenzae and Penicfllin-resiStSnt 
strains of Neisseria  -gonotrheai?. repre- 
sent alarming-examples of the extension 
of the R-plasmid gene pool (Refs. 18 and 

by translocation. Furthermore, R- 
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-+: 19); .me kesistince genes  -fo.ynd in both 
found only in &coli q i  other, enteric 

The World Health Organization  pmpheti- 

point wlll ultimately be reached at 

. becomes inevitable- and the larger the pool. 
whtch the transfer of resistance to pathgena 

' wider the distribution  of R+ (R-facta) 
. the greater ia thls- Popsibilitp. Moreover, the 

- . ' thatl$-plssmlasmfay emergethat can- 
enterobackrla * &rester the posclibille 

biological barrlers so that . t h e y  can perhap8 
enter bacterial specfes and genem ap- 
parently widely  different from their original 
entSrobacki8l hosts. . 

'species are identical to th- Previously 
. .  . organ-, . 

cally warned (Rei. ao) :. . 
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4. Director's conclusfons. The hold& 

mutic tetracyche-containing products 
of the approvect NADA's for subthem-. 

were  required to show that the sub- 
therapeutic use .of tetracycline does 
-not increase drug resistant (Le.. increase 

dsms in animals. If they were  unable to 
the pool of. R-plasmid-bearipg) orga- 

show that subtherapeu.tic tetracycline 
use does not increase the pool of R-plas- 
mid-bearing organisms in animals, the 
holders  were then required to show that 
the . R-plasmids are not transferable 
from snimals to msn. They failed to do 
anyof tbls. ' 

. The evidence shows that the pool of 
R-~PlMmid-bearing ~rgsnisms, psrticu- 
larly in E. colf, is increasing, and that 
the'increase is due at least in part to 
t h e  subtherapeutic use of @e tetracy- 
clines in animal feed. Mer evidence 
shows that .E.. coli contribute their R- 
plasmids to man through his dfrect con- 
tact . w i t h  animals,  through his direct 
cantact with B. coZf-contaminated food. 

plasmids in bacteria in the envimment. 
and by widespread presence of the R- 

Studies also show that there is no strict 
distinction between the B. COU that colo- 

. n i m  animals and those that infect  man. 
On the contrary, there is considerable 
overlap in these strains, and  there is 
also an overlap in the enteric bacterial 
R-plasmid  population in humans and 

epidemiology studies. bacterial ingestion 
animals. Thfs evidence .ls derived from 

studies, and compatibility  studies of the 
normal intestinal flora of man and ani- 
mak. These bacteria may donate their 
R-plasmid to psibogens in man and 
mals even  when transient, and the 
NADA holders  have  submitted no- evi- 
dence  on the degree of colonization, if 
any. that is necessary for this transfer 
to occur; Accordingly. the Dkectm con- 
'clude&that the holders , o f  the approvals 
for the siibtherapeutk tetmcycHne;con- 
taining products for use in animsr feeds 
have failed to show that extensfve  sub- 
therapeutic tetracycline use satisfies the 

D: WilliamsO-. "Psthogenic Mpcopl-: 

1975: 

. a0. W.HH.O, Bw*- 1W6. "Public- Health 

0 .q273': 
requirements of 5 558.15 cri&n f i 
of thl,5 notice. . . ,. . : . . .. . i 

l I C S  OF  SALMON^ ( C m m . . 2 h  .: 

1. Backgr&nd. Under. h& ' &d . 

B. SHEDDING AND.RESISTIWCB CHARACTERIS- . 

antmnh safety crfterion, nunhber '& tbe 
NADA holdkrs  must show that an anti- 
-bacterialdrugused~inanimalfeedshall 
not cause a s4mificaht increase in -the 
quantity, PreVal&W or duration ossal-. . 
mone&z shedding or + inc- inithe 
antibiotic  resistance characterMia 
salmonellae-  The Bureau &. Veterinarp; :- 

". of 

Medicine'emphaskd this critetioa be-- 
caw& (a). independent studies indicated :: 
that use of an antibiotic had causeclan 
incresse~sdmonellcrshed~inllaecf- 
- i d &  h- (Rei. 0 : and (b). ai-. 
demic of a specific-virulent, (phsge-tym 

' curred in Great Britafn after pmpbylttc- 
29) Sdtnonelk &phimutkrm had ;=- 
tic use of antibiotics in &He feeb;ThiS 
resulted'in human fataliW.UZ&..a),: 

Ask6iofr and Bennett. (Re€> If; pre- 
sented '  data on the efkk of anW+Alc 
.theiapy on the excretion of S 
in feces of htmmns infected M- 
salmonellosis. After a large. S. tmhimu- 
rium epidemic  caused by esting contam- . inam furkey, the authors exsmined-the 

.-feces of untreated patients arid Hents 
treated with tetracycline. ampic--and 
chloramphenicol for Sabnonel2a,- alnd 
they  determined the antibiotic susceptf- 
biUty of the S. typhtmurium strains. Fa- 
tients g e n e y  received the recpm- 

.(l gram per day>.'Fecal',samplesfrom, 
mended regimen of antibiotic thefepy 

87 patients not receiving  medicstitxi snd 
185 patient8 treated with. antibiotics 
were examiued. Of the patients .&mated 
-with antibiotic% 65 percent. w e s e .  ShM- 
ding Sal?noneUa 12 days after Wection, 
and 27 percent Were posittve (shedding) 

patients, however, Salmelttx shedding 
31 days after infection. In the untreated 

was observed in only 43.5 percent st day 
12 and 11.5 percent at day 31. 

of antibiotic  resistance by the infecting 
Therapy also favored the a c q ~ t i c i  

strain isolated from poultry, which fni- 
.tially had been susceptible to anfflbiotics. 
Eighteeen of the 185 patients receiving 
antibiotics  excreted resistant Salnumeacr, . ' 

while  none of the 87 untreated mtienb 
excreted resistant Salmonella (PC.051. 
The-antibiotic resistance acquired tn the 
Salmonella strain was .&own to be 
-transferable. 

mented the buildup of a reservoir of 
-Anderson (Ref. 3) carefully  docu- 

multiply antibiotic-resisht Scztmanel- 
l a e  in the outbreak of Salmonella- &phi- 

Brltsiu from 1963 to 1969. Antibiotics 
musium phage-type 29 in calve% in 

were used both therapeutically and prw 
phylacticslly in cmwded feed lok. As 
each new antibiotic therapy was Wed. 
a new antibiotic  resistance emerged fn . 
the pathogen, and eventually the S. 
typh?mt&ium_ st* Carried~reiktance to 
a wide range of antfbi0ticL In~additkm 
to disease and death in cattle, dmidiug 
(excretion) the multiply resistant S. 
typhfmur'ium caused ixxfections and even 

. .  
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lence of., Salm?neZla  'shedding;'  howkvei, 
by the-10th day. Salmonel& &&iiw in - . 
both the~ribninedcated controrana'the 
treatment ~roups was COmParable..Mom- 
over. the study agsin showed that-sd- 
ministration of subth&peutic'  Ievek of' 
chIortetracycline to chickens regulted in 

-. , 
~. . 

.-<:'-ai.':.- ... < 2 . . & i t ~ ( e )  Shedding. Controll@ 

::. :.-ig~tibact&ial drug at subtherapeutic 
-lev& would result in an increase in the 
relative quantm, .prevalence. or dura- 

: tion of shedding of Salmonella which 
I-. . .. are pathogemi in: -animals.- Salmonella 

are often  found in the in test^ tract 
i i .  of mm-'and aTtfmaln. and the.snall in- 

:::. .:. teiitine iind- colon are the primary sites 
.' '- -of multiplication.  After penetrating the 

- epithelial lining, they multiply  and elicit. 

nella  infections are limited ta the gas- 
sll Inflammatory response. Most salmo- 

. .  intestinal tract, 'producing the clinical 
symptom termed "gastroenteriMs." One 

. of the.more common strains.  Salmonella 
' typhimu+iunr, -causes @eases in both 

man and a@m&. 
When an animal is infected with the* 

bacteria, the live organisms are excreted 
in the feces ("shedding"). The quantity 
of gdmonella in the feces can be deter- 

. mined by a bacteriological  procedure 
termed a "standard plate count." A spe- 

' .. cific  amount of fecal material is diluted 
and spread. on a semi-solid bacteiial. 
growth medium  which is selective for 

.., the growth of Salmonelld. After a s a -  
cient  time for groWth. indlvidu+l colonies 
are counted and recorded as the number 
of Salmonella per gram of wet  feces. 
The.  proportion of antibiotic-resistant 
Salmonella in fecal Specimens is inde  
pendent of the .quantity af SalmoneUa 

'trolled studies also were to be designed 
(b) Resistance  characteristics. Con- 

to determine  whether the administration 
.of oxytetracyclfne and chlortetracycline 
at subtherapeutic levels would result in 

.. increase in the.  proportion of anti- 
biotic-resistant  Salmonella.  SalmoneUa 
isolated from  feces ca.n be tested for 
their sw'eptibility to various  antibiotic 
drugs by standard procedures.  Escherich- 
ia CON, a normakomponent of the inks- 

m i n e  their resistance spectrum since oral 
final flora, were also examined to deter- 

administration of certain antibiotics. 
whether at therapeutic or  subtherapeu- 
tic lqels, has been shown to result in an 

. increased  proportion of indigenous E. 
Coli that contain  R-plasmids  which can 
be transferable to other E.  Coli or to 
Salmonella.  Antibiotic  resistance may be 
measured by use of an antibiotic  incor- 
porated into the bacterial growth medi- 
um or by standardized  antibiotic discs. 

. 3. Industry studies in chickens on the 
effects of subtkerapeutic  tetracycline use 
in animal feed-(a)  American  Cyanamid 
Co&(i> Experimental  design. This study 

- was designed to determine  whether there 

....T--.~tUdies W e r e .  .tb. be designed to dSter- 
. -  t. .- mine- whether the. administration of an 

, shed. 

and a medicated (treatment) group. 
. (ii) .Sum-. While t h e e  were no 
signiftcant  differences In the quantity. 
prevalence,-and duration of shedding be- 

- ' t w e e n  the medicated (treatment) g r o u p '  

statdstlcally significant differenceiin the 
an& norIlmedicated groups. there were 
anMbiot&-resistance of the SalmoneuO 

resistance .of tbe Salmonella shed by, 
birds f@ subtheraMutic levels d the an- 
tibiotic showed a statistidly signStxmt 
incream when the  ratio d antibiotic-re- 
sistant Salmonella shed to the number of 
birds excreting.Salmunella is calculated 
for the nonmedicated and treatment 
groups. The ratio increased from 2'7 
percent drug-resistant on day 1 to 
approximately 95 percent  from day 22 
until the end of the study. Further- 
more,  when the total number of birds 
excreting  antibiotic-resistant Salmo; 
nella is: compared to the total number 
of birds in the study,  -medicated birds 
excrete  significantly  higher  percentages 
of ahtibiotic-resistant s a l w l r a :  t2lan 
nonmedicated bMs (P<OOl). and the 
excreted  Satmonella pied0minant.I~. 
showed  one particular antibioMc resist- 
anm-tetracycline,  streptomycih. kana- 
mycin,  and  neomycin. 

the number of Salmonella-positive fecal 
(iii) Ditector's  analysis.  Comparing 

sample to the number of birds excreting 
Sdmomlla .  the Director ffnds there are 
no significant  differences  between  medi- 
cated gToups and  nonmedicated  control 
groups when the tetracycline-seqsitive 
Salmonella strain was the infecting 
agent. However. the percentage of anti- 
biotic-resfstant  Salmonella  isolated  from 
birds  given  chlortetracycline  increased 
rapidly,  remained at 93 to 95 percent 
from day 22 of the study until the con- 

simultaneously  developed resistance to 
clusion:  and the majority of the samples 

strepto:mycin.  kanamycin, tetmsclhe. 
and neomycin in the samples  of birds 
treated withchlortetracycline. 
(b) Rachelle.  Laboratories,  Inc.-(i) 

' signed to measure the quantity.  Preva- 
Experimental  design. This study was de- 

lence.  and duration of Salmonella shed- 
ding by chickens fed subtherapeutic 
chlortetracycline  for 28 days pastiII0CU- 
lation. The chickens  were divided into 
two  environmental  control groups of 

were oi-ally inoculated with a chlortetra- 
three birds each.  and two groups that 

tiurn;.me$reatment group receive 100 
c y c b - q i t i v e  strain of S. typhimu- 

(fi) Summary  and the D i i e c W s  ahaE 
psis. During the first 8 days of infection. 
chlortetracycline at  the 100 eramdton 
of feed  reduced the quality and Preva- 

Shed\ 6 ~ .  these  group^.. Chlortet~cl lne 

g l y m s  of chlortetracYcme/@F? O i  r e . ,  

FEDERAL  REGISTER, VOL 42, NO. 20LFRIDAY, OCTOBER 

biotic-resistant Salponella isolated from 
an fncrease. in the percentage or anti- 

.thefeces. . . . .  , .  . . .  

sfsn. Thls study was designed to 
(C) Pfizer. I?u?.-(i) Experimeqtal be- 

the prevalence, quantity; and duration . 
of. Salmonella shedding in 8--01a 
.Cline/tOn of feed (subtherapeutic) for 28 
broilers fed- 200 g ~ s m ~ .  of  oxyt&racy- .. 
days after inoculation with a tetrky- 
cline-sensitive strain of S. &phimutturn. 
Ten birds were assigned to a treatment group. 10 to a Donmedicated (active) 
control group. and 3 each to-2 environ- 
mental control mum. Uhlik : the h e r b  

the eKect of subtherapeutic  tetracycline 
can cssnamia and  Rachene studies on; 
of Salmonella  shedding by chickens. 
Pfizer  measured the pretest level of anti- 
biotic resistance in the fndigenous 
chicken  coliforms (E. COU). It found the 
tetracycline  resistance level to be 25 
percent. 

(ii) Summary.  The two environmental 
control groupis ' w e r e  Salmonella-free 
throughout the study. In the nonmedi- 
cated  group .&nd the treatment &up, the , 
Salmonella  population  decreased with 
time,  @though the decrease-accurred 
more rapidly in the medicated  group, The 
prevalence of the S. typhimurium in the 
feces-of the medicated birds -was le+ 
than  the prevalence in the  nomedicated 
birds (17/170 (24 percent) v. 59/70 (85 

significantly higher  percentage CPCO.01) 
percent) (P<O.OOl) > .' But there was a 

of tetracycline  resfstance in SalmoneUa 
isolated  from  medicated animals (21/32 
(66 percent)) tha isolated from the 
nonmedicated  controls (0/263). The re- 
sistance inthe Salmonella isolates was 
iMted to oxytetracycline wd strepto-. 
mycin . w i t h  but one  exception  (ampi- 
cillin) . 
(M) Director's  analysis. The Director 

does not disagree  with certain conclu- 

Based on the information  submitted, the 
sions drawn from this study by Hizer- 

study appears to show that subthera- 
peutic  use of omtetracycline did not in- 
crease the quantity of Salmonella shed 
in the feces of medicated  birds. Nor did 
the quantities found in the liver,  spleen, 
or  cecal tissues differ. Also. the dumtion 
of Salmonella shedding and the. prev- 
alence of the infections  .were not greater 
in the medicated  chickens than. in the 

less, the study fails to show that sub- - 
nonmedicated  control birds. Neverthe- 

therapeutic tetracycline is safe for use 
in feed for chickens since the percentage 

medicated  chickens  compared to non- 
of resistant Salmonella is increased in 

medicated birds as in the-- American 
Cyanamid  and Rschell:lle-studie!3.' Nei,thF. . . . . 
m & c m  Cytguuniti nor Ftakhelle, hbW-. . . . ;: + -.: 

.*tibiotic' 'iesfstance in ' the indigenous 
ever, . . . m e a s w e d  the prestudy  levels. of 

E.  coli. -which  ma^ required by 
guidelines.  Since the Director and 
others in the area are concerned that 

21, 1977 
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' ' Nine antibiokcs were usedin common 

sulfonamides,  streptomycin, Bsnamycin. 
tetracycline,  chloramphenicol,  ampicil- 
lin, and Cephalothin. In the 1975 stu&v 
gentamycinand bactrim  substituted for. 
the. neomycin and nitrofurantoin in the 
1968 study. The substitution$ fail $0 ex- 
plain the increase in antibiotic  resistance : 

stituted mgs was- actually lower than 
since  frequency of resistance to the sub- 

the frequency of resistance to those 

percentto neowcin (1967), .la Percent: 

biotic' resistance, in Sdmone~hS Strains 
...: Beween -i&; and 1975., ovem axit& 

more than. doubled, from 22.2 
to '49.7 percent. Furthermore, although. 

.in both studies-colistin. naldixic acid$ 

tested hitially (gt?XItSmyCin (1975). 0.1 . 

Wim _(1975?) 1.3 PerCent tO ni.bT fmw . U96%>.t,.!2.5 ,Penat) I . : i :  -...- .. 

- .  

. .  

. .. 
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chickens in the treatment group  were 
still excreting tetracycline-res tant E:- 
coli, and-cleahing .the chicken fwes did .. 

not  alter the excretion pat ted 

was introduced into the 'farm environ- 
ment. the number of antibiotic-redstant 
bacteria in the flora of the farm dwellers .' 
increased,  although at 8 slower rate than . 

in the anfmals, and'no .incfease ,was ob- - .I 

served in the flora of their neighbors,. , 

who-  were not exposed td the snfmals, 
Within 5 -to -6 months, 31.3 percent of - . 
weekly fecal samples  from farm dwellem::; 
contained greater than 80 percent t&r&-; . 
cycline-resistant ba&sia. compared to . . '.. 

neighbors. Thfs is sbtistidrsigmi&t ; . . , 6.8 percent -of the ~samplm. from the : 

(P < 0.001). Moreover, using, 8 marked 

strate the direct spread of-R-plaimid: ' .. ' ' 
resistance gene. Levy was able tademon-- 

bearing E. colf among chickens  and froni-; -. 
chickens to man. 

tc) Further, Smith Ad Tucker  dem- 
onstrated tha;t E. coli d o n a m e i r  R- 
Plasmids to Pathogenic Salnronella under 
subtherapeutic  tetracycline . pressm 
(Ref. 23).  They  compared the resistancei 
Pattern in Salmoneltar and . E.  coli 
golated from unmeditated chickens an-d - 
chickens fed tetracyclihe. No- antibiotid . 
resistance  appeared in the. Salmoneltar . - 
isolated from nomedicated chicks, and 
little apbeared in the:E. coli. Although 
feeding- -subtherapeutic oxytetracycline 
(100 milli@;rams 
gram of body weight) to chickens for 46. 

of oxytetracycline/kilo- 

days did not produce a difrerence in the : . . 

quantity and duration of SalmoneUtr ex- .; 
cretion  or the coliform  nunhber beheen .. , - 
treated and  control  groups, it-did pro- ., 
duce a significant increase in the anti- 
bfotic-resistant  organisms in the chick- 

all E. coli and Salmonella isolates  from 
ens. BY the 35th day of the.experiment, . . - 

fed subtherapeutic  oxytetracycline car- 
aPProximatelY 30 percent of the chickens 

ried Rplasmids bearing multiple anti- 
biotic resish'ce. The transmissible pat- 
terns of resistance on the R-plasmlds 
included  ampicillin,  tetracycline, strepto- . 
mscin,  spectinomycin, sulfonmdes. .co- 
listimethate or combinations.  thereof. 
More importantly. any speciflc  reststance . 
Pattern observed in the R-plasmids iso- . . ' 

lated from Salmonella was,flrst observed . - 

emergence .of mistance Pattern in the . . 

SalmoneUa. Long-term  feeding of thera- 
peutic  levels of oxytetracycline (500 mil- . .. 

ligrams/kilogram of body weight)  like- 

la. excretion by. the chickens in this ex- . , 
~4% did not depress E. colt or Salmonel- .. : 

periment; however, E. cdi and Salmonel- .. 

Za in the treatment group developed a 
higher level of antibiotic resistance than 
did the birds in the nomedicated  control 
€TOUP. 

quagtiti=. bi S.' t $ P h b n w U i n '  I 8 h e d .  bY -l . ...-. .' 

cJic@e (Rei. 24). . . . .. . -  

After subtherapeutic  tetracycline use I 

. .  

in E. coli fit 1-t 1 week .prior'- to the 

MacKenzie and.Bai&,?lso showed that -1 .. . 

tic chickexxi. l e * k ~ o f , o ~ ~ c ~ e  were not reduced or bfthhixhq+~i! cm&&&7..'; , '..;.:: ., 

. .  
. .  

. .  . .  
. .. , .I . 
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ance (from 68 percent to 9 6  percent) 
and that there has @een a'simultaneo~ 
increasc.in:tha number of-.tetracycline- 
sensitive =strains. (from. 3 percent to 36 

intermittent antibiotic '@e or where 
medicakd Swine'were added to .the herd. 

<j )  Again; this infoikiation on isolatm 
from swine corroborate5 the results seen 

: in the swine studies submitted under 21 
CFR 558.15 for. other 'anima. species. 
Subtherapeugc . '~trac~cline use causes 

the R- 

neUu. Finally, .overall  antibotic  resist- 

an inc- R-plamnid-bearing E.  @f 

,. ance is i n c r e a s i n g : i n  salmonem.. . : . .' 

&Be of R-~l+mi~@ .W -widesRre@, Hi 
(iii) Ca#&.~l(~) In 1958 beiore-knowl- 

william smith (Ref: 49) studfed. the ef-. 
fect- of subth'erapeutio.  tetracycline. in 
feed on 750.calv&Jfter 12 weeks of .e- 
posure. 84 percent of the E., COLI bht@ 
from the calves were tetracycline resisti ' 
ank-and the coliforms also .were largely 
resistant to steptomycin  and the sulion- 
amides. No Wnwcline-resistant E. COU 
were  ever isolated from the feces of the 
110 animals in the nonme4icated control group. Mer, 3 months after termina- 
tion of the experiment; half of the  cattle 
in the treatment group were sti l l  shed- 

Mercer et aL (Ref. 29) .studied.the ef- 
fect of subtherapeutic  chlortetracycline 
and SullSmethazLne on the development 
of ,drug mistance in E. colt. The authors 
compared  isolates .from fa- using 
medicated feed with isolates from farms 
using-antib!otic-free cattle feed. E. coN 
isolated from calves fed subtherapeutic 
tetracycline ae'quired R-plasmid antibit 
0th res@mce .while.  few .did-in, theaon- 
medicatecgrouan . .  

In Edwards' study (Ref. 50).''0f sub- 
therapeutic tetracycline-in calves, the 
n q  of E..COU bithe treatment groups 
wa& not redubed by the antibiotic; and the 
resishce in the isolates remained high 
for the duration of the '10-week study. 

. Resistance  dropped when the tetracy-' 
cline was discontinued- at the end of.the 
study. While tetracycline  resistance in 
E. . c d f  from the &treat& cdntrol~group 
was initially hie. the percentage N anti- 
biotic-resistant .bacteria decreased t o .  
nearly zero in the 6th week of the experi- 
bent ' and remained there ' unW the 
conclusion. 

(b) An FDA contract study wjth the 
'Untversits of "vi (Rei. 51)  showed 
that tetracycline resistance among E. 

te.$racycline  went from 19 perceht to 95 
percent during the study, while.temy- 
clipe redstance among E. COU in the  cm- 
trol gqoup',wkpt from 34 percent, to 
percent.  Generally,  resistance is higher 
in calves that  are fed subtherapeutic ad- 
tibiotics than in range, cattle or. dairy 
cattle, which normally are not fed them. 

"out wqbiotig'ww'. comjxii% 'dth dairy '. when W~omine rangecattIe:*eq~w#h- 
cows, @<antibiotic resistance in tha-E. 
colt froin the range catpe was 9 Percent 
i n -  that.mey;- the level of tetracycline 
resistance in the dairy cattle was ap- 
'proximately 50 percent. A study of tetra- 

ding drug-*t E. coli. 

Coli in c a l Y ~  fed subtherapeutic .&lor- 

NOTIGES . . . -, , .. 

cycline r e s i s t a n c e . i n  &. coEi isolt+ted from . 
calves fed s u b & t l c .  levels of. tetra- 
CYClin$ .w i th . .  neomycin..: (Ref;. 54). P m  
duced-striging resulta Although ktracY- 

in the treatment ~roups awyaged 57 
cline resistance in the E. cdi from calves 

fourid in E. cdf isolated f o m  calvesthat 
per&&,. no tetracycline resistance was 

wer6 kept i n .  a separate grral s n d . h a d  

never been exposed. to antibiotiw-- On 

' not been given; for at least 1.m. less 
five other ranges, whem.antibiotics h a d .  
than 1 percent of the coliforins were tee- 

(c). Several studies have  examined the 
racyclinemsistant.. ' . 

effect .of - subtherapeutic  tetracycline on 
the development of tetrscpcline resist- 
ance in Sa~nWnezza isoIated-from  calves. 
For exirmple, Loken et al. (Ref. 59) ex- 
amine& the.  -R-plasmid . resistance in 
Salmonella isolated.from  calves fed sub- 

thors comparetl R-plasmids bolatkd ftOm 
thenipeutic chloitetracycline. The au- 

E.  cos .and'Salmbnella. Wh& the.c?lv&', 
were f e d .  subtherapeutic chlortetrac~r- 
cline, the tetracycline resistance in'the 
E .  colf :isolated increased to 100 percent 
after 63 days of treatment, and a concur- 
rent increase in ampicillin,  streptomycin, 
and hmmycin  resistance OcCIvTBd. The 
indigenous '. Salmonem developed the 
tetracscline resistanbe:  they also became 
.mu~tll;lereststant. . . 

~- 
(d) Sato and Kodams- {Ref. 60) exam- 

. ined sdmone&t typhimuriuin isolated. 
from 36 calves fed subtherapeutic chfor- 
tetracycline in a feedlot in JaRan. Most 
strains exhibited greatly i n c m  levels 
of antibiotic  resistance after 20 dam. 

(cj Directot's ahal~sis. The independ- 
ent stydies in the literature on t k  sub- 
therapeutic use'o: tetiacycline  in"Cattle . 
fee& show that'this use- causes 8p in- 
creaSe hi R-plasmid-bearing E. COU axid 

R-plasmids in the E. co2k may be .trans- 
sal?jumer@ They .ab0 sugg,st that the- 

ferred tothe Salinonella. . . .. 

7. Direcws. c o n c l h .  The studies 
submitted by .the NADA holders and in 
the literature show that feeding, mb- 
therapeutic tdracJrcllne .. to .cUckens, 
swine, and calves  result$ in an: inckase 

moneZZtz, and resistant E. cos trausfer 

sufecient time. -When. the animals am 
their R-plasmids. b. SalmoneUa. given: 

infected with resistant-straw of Sd- 
monella, feeding subtherapeutib tetra- 
cycline leads -to a prolongation of 'shed- 
ding which  increases the R-plasmids i n .  
the S a l m n e l l a  reservoir;'--Moreover, the 
percentage of antibiotic-resistant Sal- 
moneUtz ,  in particular the mu~ipip. re- 
sistant SalmdneUa, have  increased in 
both man and animals 85 shown by re- 

result of th4 plasqid transfer.'the pat- : 
cent epidemiological studies, and . a S  a' 

terns of resistance , f n  ,man and ankinsls 
are similar. ,Accordingly, the Director 
finds that.  the-. holders .of approva. 
NADA's for subtherapeutic  tetracycline . use have failed.b'show  that. WiaeSpreaa 

.mal.:feed. .-:. ;. is s&fe..m.der .. . - . .. 2 1  CFR- 558.i5~:- .. . I. . 2L+&:::*$6>p:.(t:,' 

in antibiotic-reststant E. Coli and Sal- 

subtherapeutic :t&l-&ycme.: d. U.i.d+ 

- + .  . 
.. . .. ~~ . . -. . . . .  , . .  

1. Williams, R..  L. Rollins. M. Belwyn. D. Pocurull. and H; D. Mercw. 'The Eflect of 
Wedlng Chlortetracycline on the Fecal Shed- 
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within 2 days of Sdnumella innom- 
lation, all calves had'fevero of 105" F 01 
mom; many antmnh.w-diarr*-ln- 
..dicau- that -dlsessg'had -0Cnured;. 

Threed&occurreb.bthe=treaffl- 
g r o u P . .  but mqiof tlis 'mup. th& w85 
treated with oxytefmwywtie;. .: . . 

neusthestudybgw,meansresohres 
, ~.-comprvmfse of,~tnei;aPp-Me. :The 
calve were feb- subtherapeutic cbkirtet- 
racydbe for only 21 days before fhiec- 

' . t e m d b w a i t i m  strain of S. &phi-. 
tion: the calm. wera infected . w i t h  a 

murium; the SatmoneRa werenever ex- 
' p o s e d  to subthfjrapeutic. ktibbticq and 
therapy waa initiated 2 ddyS after in- 

Director- finds the *dJ.;inadeqllat6 to- 
troductlon For all.& these i%&ons, the 

_, .  re+^ th& comprodse- :.o&, th-0~ 

t e m c u  20 . d V &  were allotted in 

fed ,a nhedicated.baisl ration for 21 
groups of 5..to 4 pens. Two 'grow were 

days, while the. other two groups ..were 
fed subtherapeutic o ~ l m c y c m e -  (350 
milligrams/head/day>. But the .ma- 
c a t e d .  diet was termtnated -after 21 
days, and normal ration was substituted. 
Three aasS later all. calves were  innocu- 

... lated subcutankous& with B strafn of 

tocfda ~arenteial oxytetracyue ther- 
tetracycline-dtive Pasteurelta mu& 

day). immediately  and  continued for 2 
spy-was initiated (5 miUigrams/poulid/ 

additional dam. 
'Phe r d t s  mustrate that oxytew- 

wcline inlected at 5/milligrsms/pound 

.. trolling ~ y c ~ e - s e n s i t i + e  Pasteur- 
fouowing incimhtion is efhtive in con- 

.' e m  that are .neve exposed to subthera- 
peutic antibiotics or R-plasmids in the 

But this study 'obviously does not re- 
solve the compgmise of therapy issue. 

. posed. to subtherapeutic oxytetracycline. 
Indigenous E. COU were only briefly ex- 

bioti-free diet before inocul~tion. with 
and the calves were placed on an anti- 

the : Pasteurella. This was contrary to 
the, guidelines and sound science. More- 

'of the Pastkrrencr did not permit ready 
over, the psirenteral route of inoculation 

assocfation of. antibiotic-resistant en- 
teric .c~lifom: ani? the infecting orga- 
nism. and after only 3 days' systemic 
theispy.W initiated. . 

. . (c) - American Cyanamid study. The 
~purme of this experiment was to de- 
termine. the influence of a' combination 
.of subtherapeutic combinations of anti- 
b~ter is ls .  chlortetracycline and sulfs- 

. methazinc on the therapeutic effective- 
' ness of suliamethazine in calves  experi- 
mentallp  infected with S. typhimutfum. 
Thirty-two 5- to 6-week-old male  calves 

- W w  dl.crided fnb.4   UPS of 8 animals 

i ' .:wi +e w m b ~ t l o ~ ~ f ~ ~ ~ ~ w e . ~ ~ ~ w ~ ~  
: ;e"iGff""p . One ~ gi6;iIi %a&~remea+~ 

'the others received an anti%actqy~fi-ee 
diet. . T h e n  the premediart& gioap'and 

-0cUlsted orally with tetracycline and 
the three unmedicated g r o u ~ ~  in- 

sulfonamide-sensitive s. typhimutfam. 

. problm;,,: .. ;; i-.- : . . . 'c.:: ' ...--'-?F',.L.. ...jr 

.a> P W  stwzg. In'thts Stu&.Of~O;it3i- 

. gut. . .  

. .  *n-cEs ;:..'. .. .'I 

me dap a f t e r . h f e e t i o n ,  the.p+edi- 
-'csteagrouQsndanulim~Catedm~ted 
. gr- weretreated with theramtic sui- 
.famethazidCf00 miWramspolmd): for 

: day for c aadit;lonal &%ysB'Tht-- 

were monitored for. 14' days siter in- rectm..  rn or: 'the . c h l o r t e t r s c ~ e l i n e -  
'. -k 8; ' cog. isolsted had multiple 
-. mtlbacterid-re&tanct% ' . patterns;- - the 
. most common wt&m was s t r e ~ t o m ~ c i ~  
neomycin,.kanamydn, tripk~sulfa, &it- 
racyclins apd fn some t+ses-ampicillin. 

f q  subtherapeutic chl&f.racycljne 
an& sulfamethazine~ does not -interfere 

~ ' * t h ' t h & ' t h e r a p e u t f C  fuitivity oz sulfa- 
methazimb a g a t m t .  SdmoneZZa @phi- 

-mutfunc iu:.calv~.:The- Director dis- 
- -  agrees. The coliforms wem.exposed to 

the s sub therapeutic^ antibacterials for 
only a weeks befor6 in?qction ana there 

-.  was no e x p o s u r e . a f t e r  inoculation, mus; 
-the &me saZnumeRu were exmse&to 
C O U f O ~ ~  without therapeutic antibiotic 
pressure.for'only 1 dap..Based on this 
ktuciy is inadequate for resrj1ving:the 
analysts, thecommfsdoner concludes the 

compromise of therapy issue: . I .' 

hasandyzeddlthematerialsubmitted 
6. .Dizector's a m c z w i o n ,  The Director 

by the holders of .-NADA's submitted 
.,;under 5.55S.X.b address the compm- 

-of therapy issue, and the informa- 
tion on this M e  gathered from other, 
independent sources. In his opbion. it 
fails to resolve tb questions about the 
potential for harm &om compromise  of 
therapy that was first raised by the FDA 

have beexi reinforced by the inforination 
task force; rathe% the westions raised 

. tha t+has  been subsequently collectfxL . . 

1. Optimal level of effectiveness (Ani- 
mal Health Criterion 4 ) .  This was or&- 
inally 'stated as a separate criterion as 
follows: 
' The optlmum usage level for &h indl: 
catJon of use of the an- drwg at 
subtherapentta  levels shdt not fncreaso sig- 
nlflcantly wlth continued \isa 

Once the optbum level is established, a 
study nrhall conUnue ovez  succeeding  genera- 
tlons or populations of mlmals to determfne 
if thfs same, level continues to yleld the same 
m-able efKect. 
TO addre tad & m o n ,  the 
.Health Institu€e submitted the results of 
a studs begun in 1972 which comp&res 
the effectiveness of four antibiotics 
(chlortetracycline. tyIosin, bacitracin, 
and virginiamycin) to a nonmedicated 
group in swine (Ref. 5). The Direc-tor 
condudes that the study is inadequate 
to r.esolve,the  issue.  However, this is in 

. p a r t  due to ttie inability to design studies 

.hhst would  produce  m.eaningful results 
within a %year period. This study was 
.conducted at only one  Iodation; tests at 
several  locations are necessary to pro- 
vide any  evidence that may have  general 
application to the swine industry. More- 
over, the antibiotics were not fed to the 

-swipe .at graded  dosage  le~.@.:;(dosage 
' . ~tmt.fooii);.~whfch is necessaqyto deter- 

:mine. ,eE&&&&;.M$:y.$: .the: b ~ t t m ~  Iewl' trhe OL .... mt'iste* . the;,drug's 

.attempting '& address the concerns. 
Without that evidence; the Director can- 
not make  any  determination  about the 

.. .1 das follow& by 5 O . m f l l i g r a t n s / p o l m d /  

American. CJranSlnld- con;cludM that 

1 1.. Sackm&nd q d  crit&&. It is ckar 
that bacterial plasmids conmute sig- 
nlflcantly to a bacteria's  capacity to pro- 
duce dfsease aqd to survive within the 
host organism (Ref. I)..The production 

-of enterotdxfa for example Is 8n essen- 
tial factor in the pathogenicity of E. c o z f  

' strains of porcine o m .  and Smith and 
Hfrlls ( R e f .  2) demonstrated that/this 

property- was goveqed by a plasmid, 
. - t e r m e d . E N T .  Similarly, the genetic  de- . 
terminaints for enterotoxin  production fn : 

.. E. 'colt Isolated  from  calves and lambs 
have also been shown to be controlled 
by transmissible plasmids (Ref. 3). Re . 
cent stirdies support the premise that 
: enterotoxin-producing strains of E. doU ' .  

are also responsible for a si-cant pro- 
portion of previously  undiagnosed hu- 
mag diarrheal disease (Refs 4 through 

.6). Resewchek have now.  shown that 
the ability ;of human E. colf strains to 
make an en@otoxin is also  mediated by 
a trsnsmissible plssmta (Res. Pand 8). - 
In addition to toxins, other plasmid- 

scribed.  One of the characteristics of ,the . 
mediated  virulence factors have been de- 

diarrheal dbeawcaused by enterotoxi- 
genic E. COB in man or animals Is the 
abflits of Iarge numbers of 'the bacteria 
to colonize the small bbwel. There is evi- 
dence that 8 .surface  associated antigen, 
K88. -on E. coli increase. pathogenicity 
for. pigs since it facilitates colonization 
by helping to overcome intestinal mo- 
tility and other  clearing  mechanisms 
(Refs. 9 through 13). Further. Orskov et 

is govemed by a transmissible  plasmid. 
al. (Ref. 14) showed that K88 production 

A similar  antigen. K99, has been de- 
scribed for calves  (Refs. 15 through 17). 
Moreover, these K-antigens  play a role 
in the  hmt specificity of these  pathogens. 
The K88 antigen  from  procine  isolates 
i s .  unable to produce  adhesion to the calf 

. .able $0 adher6 to thqpig..@tatine (Rei. 
intestine, and the K99,csli  antigen is un- 

-face irntigen hq'recently be&.decribed 
in a strain of E. d f ,  causing  severe hu- 
man diarrheal disease  (Ref. 18). 

m ) .  -A s ~ ~ a i  pr-ra++-m& w- . 
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.2. Waltm study. The WaltOn study 
(Ref. 21) reported in vitro transfer ex- 

. periments using B donor organism bear- 
jnng both the enterotoxin plasmid and. 

. ...&&R+< _ >  I factors antibiotic -resistance plss- 

productiori 

phenicol-resfstant transconjugants were 
scored for K99 and EF. 

.,ww.3,137. .(8 percent>, and the incidence 
The incidence of K99 plssmid transfer 

.:oc:$h&p~'&pld& @&fer was .9/37 
(24.3 percent) ..' Furthermore, the fnci-. 
d a c e .  of K99, ENT, and RI cotransfer 
was 3/35' (8 percent). 

(b). In vivo transfer. F'alkow fed I344 
E. coli bearing resistance (RJ. ENT. and 

. -- 

. .  , .  . .  

. , .. 
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tomycin-~istanU, coliforms  were  present 
a t  three times. the number  found in the 

. .control tissues. Gyanamid also indicates 
. that cooking fksues at 80' C for 20 min- 

. utes miy- inactivate  chlortetracycline. 
residues.  American Cyanadd also sur- 
veyed a : few commercially. purchked 
poultry specimens. The- samples  con- 

. ' tafned HW the number of .coliforms 
found inthe nW.tlssue fed t h e . a n i m a l s  

,' v. EFFECTN,ENESS . .' 

In 1970-71 .h3A issued aseries of FED- 
ERAL REGISTER notices announcing the '  
conclusiohs  of. the Nakioxid Acadmy of 
Science/National Reseamb Council ,Drug 
EfEcaq Study Grchp- which' evalUatedi 
animal feed preplixks contalnbk oxs$.&- 
racyciine and chlortetracycline  intended.. 
for subtherapeuhc use. For mOSe Of'thOSe: 
products, the. Director- . h a s  . previousW 

.- s&tivity  connected . . w i t h  ingestik & restrictions on the claims, and.-resvord- 
handling . of tissue w i t h .  tetracycline ing of claims. for 'which f u r a s  d m -  
residues. ' mentation w w  remired. were necessarY. 

. . . .  
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, C.-D&C&R'S CONCLVFONS . . 
, .  

I.&a&rd  .with. .FDA's concluiion to 
adopt the recommendation of the Anti- 
biotics -Animal. Feeds Subcommittee of 
the National Advisory Food and Drug 
Coaunitkxi that the subtherapeutic use . '  

of tetracycline in animal feed be limited- 
to unique,  'essential  claims, the Direopr 
has .evaluated all- of the- information 
avsilable  concerning the effectiveness of 
chlortetracycline . md. 'oxytetracycline 
premixes for subtherapeutic use. B a s e d .  

on .this review. the Director is proposing 
.to- restrict. tbe ' l i s e  of. chlortetracycline ' 
and oxytetrscyclide in knlmnl feed to the ' 
following -. subtllerapeutic mnditions of 

. .  '. . 

. .  

FEDERAL RECXIIER. VOL 42, NO. POQ--AzbAY. OCTOBER 21, 1977 





\ 

B-68 .. . 

- .  
impact of all the actions as a Single 
momam. 

The Director has also carefully  con-- 
sidered the economic impact of the no- 

. .. Xice. and no major economic  impact. as '. deffned in Kecutive Ord.er 11821 (as 
amended by Executive  Order  11949), 

-%. OM8 Circular A-107, and Guidelines is- 
sued bs-tbe Dep&rtment of Health,  Edu- 
Cation. and Welfare, has been  found. A 
COPY of. the FDA Mation impact as- 
sessment is on file with the Hearing 

This notice is issued under the Fed- 
-. . Clerk, Food md Drug Administration. 

era Food. Drug, and Cosmetic'Act. (ax.- 
512. 83 ;Stat. 343-351 (21 U.8.C 360b)) 
and under authority delegated to the 
Commissioner of ' i b d  and Drugs (21 
CFR 5.1) and  redelegated to the Director 
of the Byeau of Veterinary Medicipe 
(21 CPR 5.84). . 
Dated: October 14, 19.77. 

: Director,  Bureau of Veterinaw . 
. . Medfcine,' 

[PR Doc.77-30868l&d 10-17-n;3:0SpmJ 

C. D. VAN H o u w ~ .  . ,. 

6;Sisg. ' ,  , . . . 
i 

. .  
1) 

'. 

-.. , . .  - - 
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ics ': i n j  .-?.Feeds. -rnbco&t& . . 

(AAFS); -to: work i n - .  conjunction' w i t & .  

four,; .experL.consulbts.   -frob disci; 
plines -related to -the We. The Bureau' 
of .Veterinary Mediche~-prepared 7 de-;- -, 

cerning - p e n i & .  - and  the.: htracy-, ..- 
W e d  m a l y s e s .  of. the ' evidence c o n - .  

clines which. were presented' t u .  the ' 

AAFS during. 5 days o$ open-meetinga - 

meetings '$r?m. the .: drUe';:industry; 
Comments, were a l s o - .  heard. Tat ..the& 

animal -scientist& and other interested : . 
-parties.-  The Bureau prepared a-comL 
prehensive s u m m a r y , . r @ p o r t  : for the. 
subcommittee - with  tentativ& fecom- 
mendatiom. l b a  additionnlzmeetings 
we&. held during which ~. t h e - ' s u b c p m - +  
mittee-deliberated.and prc$onenta and 
opponents of subtherapeutic  antibiotic - 
use gave. statements..: In . SeptembeF. 
1976. the AAFS presented its pre&ni- 
nary report 'ot the p e n t  committee . . 

. eral r&ci-endationk' on. the"fuhue 
u s q  of tintibiotics- in aniinal feed an& , 

specific - recommendations' on the 
future USe Of- penicillin and t h e t e h  . 
cyclines. ' 

ominended that  FDA discontinue its 
use in all species for growth promotion 
and feed' efficiency. It further recom-. 
mended that' use of penicillin  be dfs- 
continued in aU.spkies for disease pre- 
vention where.effective. substitu€es are 
available. 

The recomendations. of the . AAFS 
conixrning continued tetracycline  use 
were less strihgent. It recommended 
that FDA discontinue tetracyclhe use 
for growth promotion. feed  efficiency, 
and disease prevention in all species 
where effective substitutes are avail- 
able. The:  subcokdtee a h  remm- 
mended that  the remaining subthera- 
peutic  tetracycline uses be limited t o ,  

those periods of time when a PWicu- 
liu animal species is threatened with a 
specific animal disease;-: 

The subcornmitee's general kcom- 
mendations were f a r  ranging:Recog-, 
nizing that a potentikl  for harm is i s .  

herent in widespread use of antibiotici 
in animal feeds, it r e w e n d e d  that 
FDA establish regulatory measures to 
assure that antibacterial drugs are 
used judiciously in Wal feeda by 

. limiting sale of tetracycline-  and peni- 
cillin-containing products to feed mills 
and producers who  hold an approved 
medicated feed application. The sub- 
commitee  recognized that this action 
would  remove these  products  from 
direct dispensing by veterinarians who 
do not oWn registered feed mills, and 

lactors must be investigated in Well&- . sioner asked  FDA's-National  Advisory ed that  the order of a licensed veterin- 
accordingly. the subcommitee suggest- 

. signed studies* Of this Food and Drug Committee ( N G ) .  arian be incorporated into the distri- question was not  expected  within the %year, 
. .  period. -.. spoIlsors were to - to review the data and  the issues in- bution system. It further recommend-. 

show e,&ne of wh. ,unae,m,.w~ch.. valved and::tO:make reommendations ed careful monitoring procedures t o =  

4 mtibacterfa ' h g  uses- &fibte'ra;. antibiotics in feeds.ri- =: . ' -7 use ' m c t i o m -  The remainini'fecoms, 
Peutic levels in the feed of an~mals shall not The NAFDC appointed a. rmbcdm- mendations concerned future monitor- 

- 

(,bfi,l)i.e& ~ ~ ~ t ~ ~ e ' g ~  . ,. 

For penidllin. the s&committee 

. .  would I& to+&&+-- to;tF-pu+m.-> - O a . ~ . ~ g i f u t ~ ~ i . o i ~ I s u b ~ e ~ p e u t i c ;  ass~.:compliance~.with. the I PrOpOSear.. 

ing, research. and goals. 

€ m d A l r a r r r , A m r d A L ~ T € x \ ~ Q u T E R x A  

r. '~ansfer of'drug -e: ia) ~n mu- 
. bacterial drug fed at subtherapeutlc  levels 

to animals must be shown not to -promote 
inoreased r-ce to antibacterials  used in 
hm'an medidne. spedflcally. increased 
multiple re&$ance capable of being tram+ 
ferred to other bacteria in animals or man 
should not occur. (b) If increased transfer-. 
able  multiple reslstan 
forms,  studies  may be done to show  whether 

2. The Salmonella  NO^ The use of an 
this  resistance is transferable to man. - 

antibacterial drug ' at subtherapeutic  levels 
in animal feed  must be shown not b result 
in (a) an increase in quantity, pr&.valence or 

. duration  of  shedding  of SalnunreaCr fn medi- .- 
cated animals as compared to noiimedicated 
controls; (b) an increase in the number  of 
antibiotic  resistant SdmoneUa or in .the 
spectrum of antibiotic resistance; tc) disease 
(caused  by Salmonella or  other  organisms) 
that is more  difficult tu treat with either 
the same  medication  or other drugs. 

- .  . 3. The  use  of  subtherapeutic levels of an 
antibacterial drug should  not  enhance the 
pathogenicity  of  bacteria.  e.g..  by-increasing 
enterotoxin  production. The assodation of 
toxin-produced  characteristics  with  transfer 

Ce is fOUd in coli- 

subtherapeutic use in feed. Therefore,. 
in the FSDERAL REGISTKR of August 6, 
1974  (39 ..j'Ft '28393). .the Commissioner 
pmposed to withdraw all approvals 
held by persons who had  not complied 
with the initial  requirement of filing, 
comdtments to conduct the necessary . 
studies.  and all such approvals were 
withdrziwn  by his order issued on Feb- 

only those products now listed in Part 
558  (21 CFR Part 558) can be legally 
marketed at this time. 

BY APM 20. 1974:. the dste Ab- 
lished  for the first submissions of data 
under 9 558.15.. the Bureau of Veteri- 
nary Medicine had beguna review  of 
the dah submitted for penicillin and 
tetracycline  tchlortetracyline and oxy- 
tetracycline). which are the most  sig- 
nificant antibiotics used both subther- 
apeutically in animal feeds and  in 
human medicine, and by April 20. 
1975. data concerning the safety  and 
efficacy criteria  for  all  antibiotic  and 
sulfonamide drugs had been  received. 
At the Bureau's reauest. the Conimis- 

rUWY 25. 1976 (41 FR 8282). Thus; 

result in residues in food  ingested  by min mittee of three members, the Antibiot- 

. -  
.- 

- 
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I: . A  At- its January 24;  1977 meeting. the 
-..,NAFDC agreed that a potential for 

. . ' hani exbts. with subtherapeutic anti-; 
. biotic  use in aninial feed and accepted 
, -' both the subcommitt+e~s  recommend+ 

tion on penicillin use and  the basic 
I context of the genefal recopunenda- 
tions. But, for tetracyclines, the com- 
inittee. doncluded. that 'bnly distribu- 
tion be restricted . i n  conjbpction with 
the -conditions  iinposed . by We general; 

. miqioner  agreed with. the NAFDC's 
Fmmendations (Re?. 2). The Com- 

recommendations on .   penicW.  ~ How- 
ever,  he.  concluded that more  stringent 

' action against, the use of tetracycl@e 
was necessary;. and a t .  the April. 1.5. 
1977 NAFDC meeting he announced 
that FDA would  propose to discontin-'-* 
ue all nonessential tetracycline uses in 

. - anjmal feed.. . -. :. .. ., - 
The; ~comm.issioner-- also .recognized 

. c .  the-pnportance of the NAlj"s gener- 
%$recommendations to restrict the dls- 

.the& .antibiotic% in d m a l  feeds. For 
tribution and unsupervised use of 

:this reason, he announced that FDA 
would  propose to add' the require- 
ments for aq approved  medicated feed 
application- (Form FD-1800) and the 
veterinarian's order (1) to insure, to 

, the  extent possible. that the drugs will 
be  placed in the  hands of individuals'; 
with training and background who,are 
qualified to administer the drug prod- 
ucfs. (2) t o  assist the use of the most 
effective  level of.  antibiotic for  the 
shortest time necessary to gchieve the 
desired  results, and (3) CO insure that a 
valuable  management tool, i.e., the te- 
tracyclines, continues to be available. 
when ndessafy (Ref. 3). 

Since that time, .FDA has initiated a 
series of a d m i n k ~ t i v e .  actions that- 
ultimately propose to eliminate all 
uses .of  penicillin- and tetracycline- 
containing medicated- animal feeds 
that have xiot been  shown to be safe 

. and effective, or  for  which  there  are 
safe and effective alternatives. This 
will assure that any potential for 

produch krill be . 

harm associated yith the use of these 
d if not 

eliminated. 
In the-FEDERAL REGISTER of May 27. 

1977 (42 FR 27264). the Commissioner 
issued  a call for  data on the potential 
environmental impact of FDA's pro- 

. posed  actions.  He further announced- 
that  the Bureau of Veterinary Me&- 
cine would propose (1) to terminate,all 
subtherapeutic uses of Denicillin in 
animal feed, (2) to restrict the use of 
tetracyclines to situations where there 
are no' viable alternatives.. (3) to 
impose restrictions on the distribution 
and the uses of penicillin and tetracy- 
cline  in animal feed, and (4) to expe- 
dite the drug efficacy study implemen- 
tation notices  proposing to withdraw: 
approval of all penicillin and tetracy- 

:;? y,cNe-:cmmbination, pfducts  that la& 
'. .'..AbshitiaI exidence-of  effectiveness. 

The Director of 'the Bureau of Vet- 
erinary Medicine, in the FEDERAL REG- 

, I. 

FEDERAL 

B-71 

L PROPOSED., RULES , 

I- of June 10. 1977  (42 - F R  2999); 
. then b v e d  a notice' o$ ORpoi-tunitY' f o r  
hearing:. pi'oposing; to: ' withdriiw-: ap- 
proval of the NWAS for all penicil?inr. 
streptomycin premixes .intend&&, fori 
use in animal feed on the groupd .that 
new 'information now before him indi- 
cates.  that  they lack subtanti-al evi-. 
d e n e  of the- effMiverieSs that is '6; 
quired for  their indieations~for uqe. 1. ' '. 

August 30,1977 (42 FR 43772). the M-: 
Next, in the FEDERAL 'REG** of 

rector issued  a notice of opportunity 
for hearing proposing t6 withdraw ap-: 
proval of all NADA's for penicillin-. 
containing new ahimal drugs intendd 
for use in a n i m n l .  feed principally. b& 
cause me evidence mvrounding this 
use demonstrates that they have not 
been shown to be safe. He issued a: 
similar noti& of opportunity for  hear- 
. i n g ,  concernins. certain subtherapeutic 
uses,of tetrac*cline .in animal .feed on! 
October.21,1977  (42 FR 56264). ' .' . . ' 

, . ~ : ~ m o l p  or THIS N&CE - . 
The  funhion of this notice is to pre: 

vide  a forum for public debate on' the 
need to revise FDA's prior policy .on 
the. control and distribution of penicil- 
lin &nd tetracycline in m?ma~ feed.' . These products. are now available 
without the need-.for a veterinarian's 
order, and no approved application is 
required to manufa.cture. a..medicated 
feed containing them The Comm&. 
sioner b proposing to impose regula-- 
tory procedures that will eliminate the: 
routine  and mi- use of antibi-- 
otics in'-animal feeds, The FDA Tirsk 
Force -on the Use;.oi Antibiotics in. 

, Animal Feeds, the AAFS. and the 
NAFDC have all. recommended this. 
course .of action independently from 
recommendations about the safety..,of 
these clrugs, and the Commissioner 
agrees that dealing with the dfstribu-. 
tion  and control issue Separately is the 

discussiqn in Part III of this preamble 
appropriatk way to proceed. . A s  the 

outlines, the- evidence before FDA 
demonstrates that a potential for 
harm to animals and man exists from 

2. the i3evelopment of R-plasmid-mediab 
resistance to antibacterial. agents 

which may be aggravated by uncon- 
trolled subtherapeutic use of these 
antibiotics in animal feed. An effort 
must be made to assure the  future 
utility of these life-saving products be- 
cause use of the antibiotics is exten- 
sive for  both  humans  and animals. 

antibiotics in the United States was 
I n .  1960. the  annual. production of 

4.16 million pounds, of which 2.95 mil- 
lion pounds were  used  for- therapeutic 
purposes in ' human &nd veterinary 
medicine and 1.20 million pounds were 

lion pounds  were used in human  and- 
veterinary : :medical pharmaceuticals 
and  the'animal feed;additive use-was 
7.3 million pounds. Moreover,. accord- 
ing to ''Synthetic Organic  Chemicals. 

. .  . . .  . .  

add& tO animal feed. By 1970.9.6 mil- 
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United-' States ,Pro'duction and S i l e s '  

Commission Publication. 804,. the: 6- 
Year average  productiori of antibiotics 
between,  1971 &d 1975. was 11.16 W-' 
?om pounds for-:medicinal. uses and 
7.68 million pounds for-nonmedidnal- 
uses, including feed adative uses. Over. 
those 5 years, the aggregate average of:. 
the total production tor  'those  no-9 
di- use was  '44.8percent-but 48.6 
percent in- 1975. ThG the use of anti-? 
biotics in animal' feeds is a. consider-? ': 

, able element b. the overall use of anti- 
biotic& in this cowtry- and  cdnsequenb- 
ly must be%onsidered' a .  significapc: 
contributor to' the problem. of R-plas 
mid ana-diotic resistance. ' Penicillini. 
and the 'tetracyclines are i m p o r t a n t . .  

among the  .antfi ioti~ Used i n .  animal..- 

Several  methods .of restricting the-: 
useLof penicillin and tetracfcline: .in., 
animal fee&, and  thereby reducing the 

: pbtential for harm assot$ated wim< 
subtherapeutic antibiotic we.- Sre 

most drastic method is to terminate 
available to the Commissioner. The. 

their  use- completely in animal feed 
whether  intended f6r therapeutic or 
subtherapeutic ke, and this could  per- 
haps be accomplished under the immi- 
nent- -hazard .provision of section.. 
512(e)(l) of the act. Another  approach 
is to withdraw approval of all thera- 
peutic -and subtherapeutic uses that 
have not been  'shown to . b e  safe or ef- ~ 

fective or that ;have  available. substi- 
tutes,  and . i n  the Commissioner's  opin- 
ion, this is the most appropriate 
cdurse of action at  the present time. 
Accordingly, FDA- hss embarked on 
the latter course 

But a third supplementary  method 
of controlling the use of these drugs is: 
also available. The Commissioner .can 
minimhe the potential for  harm-& 
ciated with the widespread use of peni- 
cillin.and tetracycline in feed 
by limiting tKeir distribution through 
his .  authority to promulgate regula- 
tion$. under section 701ta) of the a c t : .  
(21 U.S.C. 371ta)) in conjunction with 
.his substantive authority  under ' sec- 
tions 502(f),  512 (a). (b), (d), (i). and 
tm) (21 U4.C. 352(f), 360b (a). (b). (d), 

veterinarian from feed mills holding 
ti). and (m)), to the oriler of a licensed 

approved  medicated feed applications 
.permitting the manufacture of such 
feed. The issues  involved are generic; 
legally ' severable,. and . essentially 
policy: and  such action also accom- 
plishes the' three functioixi- that a m  
identified in the Commissioner's.April 
statement to  the NAFDC. Moreover,. 
that action is consistent with his earli- 
.er discussions. . in this . . e a  (see 
9 58;15(fXl). (21,- 558.15(fWl))) an&, 
all- @e  -w-Fend+tio& .fr'om;the in- 
depen!&&muw  adv?sin&,the;aienc.x%& 
of this. atter.  For4h-e rewq the- 
C o A o n e r  is proposing such. re- 
strictions on the distribution of animal 

(1971-19751," U.S.-Intkmstibnal~Ttsdei. 

af-; . ' .  : ' - '  . .  . . .  

20. 1976 

. .  
. .. _ _  
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:. ited Eventually;, the ..mtiljiotic resfs- 
. tan$ 'organisms p r e d o ~ S ~ ~ & ?  in:.the 

bacterial: population, .. it;nct COntinuouS Rv p r p e h a t e i -  t- : agnormal . . . . . . .  
' s i t l i ~ t i O x & '  . . . . .  

. . -. Bacteiial'dtibiotic resista;h'ce &.pii- 
marily determhted by genetic'elements 
t e r m e d . ' . * R d I ~ d s ' ' ' . ( R L f ~ ~ '  R+). 

' The Commissioner's,specific concea 
,. .L -:--therefore,, is 'Nth the':health- hazard 

. . . . . .  that may arise througlr'an  increase in- 
the pool of Rplasmids i n .  the anlmal 

. . population and  .the potenya -transfer 

- the animal to the hirman population 
from 

and  surrounding environment. 
R-plasmtds.are srnall lengths of DNA 

that m. separate- from  the bacterial 
. chromosome. These R-plasmids carr~r 

transferable drug resistance. genes as 
well aS the capacity -to  repr0du.e 

. . themselves. Plasmids.may determine 
resistance to more than one antibiotic, 

- and resistance to sever'al antibiotics is 
. commo& . . Moreover, .plasmids. can 

transfer from  one bacteria to another 
and  from  ,nonpathogenic.to  pathogen- 
ic strains. Transfer Occurs. although 
with varying frequency, between all 
members of the enteric bacteria and 
also the members of other families of 
bacteria. "lie pool of normal Gram; 
negative bacteifal intestinal flora 
(largely Escherlchta coli) serves as a 
reservoir of R-plasmids. and the R- 
plasmid-bearing. bacteria -interchange 

. . among animals, man,  and the '&-viron- 

. .  

. .  . .  
- .  

Of. R-plasmid-bearing. 
. . . .  ~. I 

.~.~--;r.-l;men+:.:The:.. poma&%for..:b;h 
~ ~ ~ ~ ~ * . ~ ~ - ~ ~ - ~ . . ~ h . e . , p ~ ~ - ~ ~ ~ t = ~ o ~  i::;* . ~ ~ . ~ ~ ~ ~ ~ ~ e ~ ~ ~ ~ d . ~ ~ ~ ~ o ~  .in; ~ . -  

-. ... ~3,. . . .  
.: : .p]a;; jmd.-; .~f&. -to .pathagem. in- 

- creases.. When the Commissioner'-re- 

' - t h e  environment4Refs. 8 through 38). 
Vious  s t r a i n s .  of backria inhabit and 
Lqfect;man.and animals The strsins of 

. bacteriai that- infect man and anihals 
are: not mut- exdusive; they over- 
lap* In'particular, the Rplasmid-bear: 

malt~-overl@p.'This has been shown by. 
epidemiological investigations : (Refs. 
.39 . t h r o w ? .  46) : and .direct ingestion 
evidenh (Refs. 43 through 51). In vivo 
studies.also show that  the R-plasmids 
transier ,from E. col&' to pathogens. 
e.g.; SalmOnenq and- that this actually 
occurs in humans. (Refs. '52 through 
68). Of critical importance also is the 
fact  that .plasmia' transfer occurs:. 
among 'nongut bacteria (Refs. 451- 
154). 

A n  agency study  measuring t h e .  abil- . 
itg of R-plssmids t~ exist on the.same 
bacterium. suggests that human and 
animal bacterial populations overlap. 
(Ref.. 61). ' Moreover: studies using 
DNA-DNA ' hybridization techniques 
aqd ' restriction endonuclease activity 
confirm that the R-plpnids isolated 
from enteric orgtdsms in man and 
animals are indistinguishable (Refs. 62 
through 64). Studieialso indicate that 
R-plasmid-bearing E. coli donate  anti- 
biotic resfstance plasmids to Salmonel- 
la. patterns of drug resistance seen in 
E. coli and Sal?iwp?Ua isolates from 
man  and animals are simnar and de- 
velop in a like manner.. E! colf:firqt de- 
velom. R-plasmi~-mediated..!~tibiotig -&* j kd-: th&--ti@. -s&wj&g 
deyelop-a shil?.r frequentlp  idenf~-~ 

' ti&%attem of teststance. studies a b  
-shos&wc.that the number of R-plasrhidr 
.bearing .strains of pathogenic : Salmo- 

- ing strains th&t-cOIOnize and aril; . 

-, . 

sho&t . t e r m  p0ssfi.e or othei;-mea- 
s w  are-&nployed when .for ex;iinple, 
patentdbease exists in the animals. . -  

I+. ~ A C T  oi MEDICA- F+EED . 
2 .  . . .  .mDWSTFtY . . . . .  

. The .. ~i;.ector . . . o u ~ &  :-his fi& 
facie && ih both the-penicillin and te- 
tracycline notices, h d -  i f .  unrebutted 
the Comm?ssioner will issue an admh- 
istrative summary, judgment with- dram approval of.the NADA'S for 
the. affected drugs. If ret~dests- for 
hearing  are filed that demonstrate 
that -genuine  and. substantial Issues of - 
fact exist which require a formal evi- 
dentiary hearing for resolution, such a 
hearing will be granted to resolve 
t h d e  issues. ,But if a hearing is neces- 
sary, .final resolution- of the ,-es.rnay 
take-&?ve@  yearb.  Based on the evi- 
dence now before .the Commissioner, 
he believes it.appropriate at this point . - 
at least to propose to restrict the dis- . 
tribution  and use of penicillin and te- - 

. tnicscline in animal feed In his opin- 
ion, the-evidence supports such action 
as a matter of  policy. even if NADA 
holders demonstrate that approvals 
for '. the use of the drugs in animal 
feeds should  not be withdrawn. 

Issuing the proposal at this time aC- 
COmRlishes two  objectives. First, al- 
though  the Commissioner -has previ- 
ously considered the restrictive distri- 
bution alternative. this alternative has 
always been a' niinor element of, the 
o.F.9 prowa4 'and  the C+mmfss.jop 
e k ' 6 a S .  never . r e + v e d  focused corn: . 
m a t  on its feasibility and 'merit.  Some 
contend' that veterinarians lack the 
training; expertise, or willingness to 
.deal with the potential for  harm asso- 
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.- dangers -.;.'&%' of. incident. , oay; ,this t o .  the w M  .use of ;crolud cert 

c o d i t ~ t e  ' . + d t + < ~ ~ .  : & & t i b ~  fir. -j 
this and $lie mi.=-. Sup@e, C o w  % : :- li&s.i&~& . 

.of drugs:i(~~ni+d, '~tdfes- 'v.' SulEv~a'% 
oq &&ricting: the-'- 

. ' Subsequently, in a cask decide before 

Amendnient'iif 1951X;'thk;Ninth. m.t 
directly affimikd. FDA's statut0ry:au- 
thority to restrict the sale of a drug to 

' the order of. liceised p&iitioner 
@der section. 502(f)(lI of the~.act..and. 
the companion implementing.  re@& 

. - A ,  ~beral co&ctiom-of. the Act. h&ng 
in mind it0 background  and purposes. re- 

minktrator on the ground that he.-  em- 
quires us to sustain the action of the Ad- 

powered  under  the.  statute . h i  exempt, the 
kgulation the drugs in question from the 
reqdrement.tpat the label,bear.adkquate d- 
rections,for use. conditioned upon-ita bear- 
ine an inscriRtion that it be.-& o m  On 
the prescription of a physician. Undersuch . 
con#mction, the regulation is not. contrary 
to law.  arbitrary,  or  unreaspnable. ( United 

62.75 (9th Cir. 19511.) 
Although Congress enacted specific 

legislation that  in part covers F'J3A au- 
thority  to restrict the distribution of 

H ~ m p b k ~ r  Amendment  off~:1951; 65 
Stat. 648-649 (1951)). the legislative 
hktory of that amendment makes 
clear that Congress intended for FDA 
to  retain this authority to restrie' cer- 
tain drugs to use  according to a veter- 
inarian's order under section 50Zf X11 

. of the act. _ .  . .  

' In lii-niting prescription drugs tb those in- 
tended  for use by,man this new  subsection 
differs from the p r k t  law.  which  refers to 
prescription drugs to include  not only those 
dispensed on prescription of physicians and 
dentista,  but also . t h o s e  dispensed on pre- 
scription of a  veterimrian  Under.  the com- 
mitt& bill,'drugs intended for use under the 
supervision of a veterinarisn will not re- 
quire a prescription,  although it will be pos- 
sible  under sectfon 502Cf) to exembt  such 
drugs from admete direction for use if 

sion of a veterinarian In the absence of any 
they  are to be u&d by or under the supervi- 

subject to the labeling  and, dispensine re- 
exempting  regulation,  these drugs will be 

counter drugs. ( 5 .  Rep. No. 946. 82d Cong.. 
quirements of the act applicable to over-the- 
1st S.ess.. p. 8 (1951)J . . 

Q32.U.S.-689.,691. n.2. (1949)).'- .': . ' 

ehACtiit&vOf .the I hIrham-Humph& 

- i . . ;. . . .. > I . _  
,..,.,.,... ' . '  ' 

" .  . 
..  .. 

, .? - . . ,,. . . ' . . ..._ 

stah- v. Sto-PQthic Phq- -192 P. id 
..- . . J 

human drug~~to a physiCian'(Durham- 

- 
. .  

A. S'l'ATUTORY AUTHORITY UNDER SECTION 
502(f)(l) ~ 

Historically, FDA has restricted use 
. of certain drugs in man and animals to 

the order of a practitioner under sec- 
tion 502ffXl) of . the act, which  re- 
quires drug labeling to bear adequate 
directions for .use. and implemen+& for. hharmful effect. and the safety of 

. . . ing exempting rem+tio+?Jndea thls, 

ent. CautionT, 
To be used only- by or.on the prescrip- 
tion of a  physician." Beeuse of the 

L.*..'.. ~~~~~ & ~ p i & c ~ ~ t h g  hwm.g.of cert;aiil .wa - 
-;a to . cori&&* t h < & ! & .  ,2.*. ;- -2' 
&. in<endedJ&$h ' -.''is- '?&e, .*&required 

animaldrugs to  the order of a  licensed 
veterinarian under the  authority of 

an approved  medicated feed applica- 
tion (FD Form. 1800) under section 
512(mX1). for that use; and .tc) the 
animal feed, its labeling, and ,pee- con- 
form with a regulation issued h d e r  
section 512(i). A medicated animal 
feed which does'  not conform dvith 
these requirements is adulterated 
under section  501(a)(6) of the act. 

2.Section3 5_'2 ( b )  an.d,(d). The stat- 
utorji, criteria. that; FDA. must use to 

The Commissioner  promulgated such 

nary drugs under 0 201.105 (21 CFR 
an exempting regulation for veteri- 

201.105), and the regulation lays out 
the factors to be considered in ass- 
ing- whether  an animal drug should be 
restricted to a veterinarian's order. 
The factors are toxicity. potentiality 

sections'5.12 ib)  and(d) of the  &t'and 
the corresponding  amplifying regula- 
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th&-&der~ku& 500 aid 514. (21 C F ' R ;  
pivts 50O..apd.514).,..Unlike;section ,505 
of. t h e . .  act,..which:  covers. ,ney..hugxq 
drugs, section .512C-d)(2): en-erates 

.,'several  specific factors that a r e . . t o  be 
considered bJr the  agencx: jn~ determin- 
ing whether a: new +nhal drug Will be 
safe under its-'proposed conditions of 
, U s e ;  The .fwtoq? ,yrWch were. tagen di- 

'tives:under section 409tc)(5) of the act, '&re the following:, . -: - _  -. ' . : . .. L 

(At. me. probable conkbption of .  such 

foodbeca*of.the.use'of suchdrug,- . . 
drug iind;of any s*bstance f o t m d ~  or on 

.. (B) ..The cymulstive effe+-on man or 

any cbemically or Pharmacologically related 
. substance. I? (c) sdety fsctors ar~ch in the o p ~ o i  of 
texperk, cruallfied by scientltie trabing apd 
expe@encq  to evaluat.&the  kafety of Such 
'drugs. +re approyiiia4efor the use. of anima 

- 1 (D) -Whether 'the condftions;of use p& 
1 experimentation ata, and. ,.. 

scribed recommended.  or mutgested in the. 

be followed in prictice, 
proposed l a b e l l i n g . a r e  reasonably certain to 

n u s ,  these  provisiok clearly envision 
. .the exercilje of .F"s authority t o  

impose restrictions on the distribution' 
agd use'of new animal drugs, particu- 
larly when the dfug is intended  for  use 

3. Section -512(i). act ion 512W  of 
the act requires ;FDA ta publish a 
notice of approval for every NADA,. 
which  becomes.. effktive as :a regula- 
tion upon publication in the FEWERN, 
RE GIST^, The fuliction of the new., 
animal .c?Gg regulations under this 
provision is analogous tD the function 
of food.  additive regulations issued 

, under section 409 of-the act (hearings 
on S. 1600 .And -H.R. 3639 suprri at 80: 
S. RepbNo.. 1308 supra at 5). They are 
b provide public' notice, particularly 

. . to manufacturers or medicated animal 
feeds, of the conditions and restric- 

new animal drugs. But  the new .sal 
tions of .use that are imposed on the. 

d r u g '  regulations provide more, thw 
~ general notice. Section 512(i)-identifies 

. several factors that  are  to be ad- 
dressed in the regulations in order to. 
assure.that a new animal drug , w i l l -  be 
.properly  used in the field.  Among 
these. factors are  the  sp@fic condi- 
tions- of, use under which the drug has 
been  shown to be safe- and effective. 
any other use restriction imposed, and. 
such other information aa the agency 
deems  necessary to assure the safe and 
effective use of the new animal drug. 
Therefore, -Congress  provided FDA 
with another  statutory provision  by 
which it can restrict the distribution 
of a new animal drug. 

' .. - 4. Sectiqn 512tm). Subsection (ml-of 
.. section 512  of the act. presents a mi.cr0- 
. cosm  of the entire:section.'-Basically, 

this provision  was. added.;to-.simplify 
the procedural and substantive re- 

..quirements of the act as they  pertain 

. ' I W S ~  f . ~ ~ m >  COnside&iOaS :associated 
Wit& the :de ty .  Of-.h-aS food addi- 

.:. 1 ;. 
i w  Of @iiCh-dru& tagin0 ~ D ~ . W C O U D ~  

-. .--: 

in  fodd-producing snimals. 

FEDERAI 

1 .  

t6 :&i&~ted. feeci .@-It .estab&-& 
a ' private . licensing section for feed 
m i l l s .  . to . manufacture medicated 

. animd feeds-- which.: &. substantiallf 
similar; to' the 'NADA. review.' and a&: 
prcrval. procedures: ' A s  a condition of 
having the license t i n  this'casea medi-' 

feed mill must identify .a- new. animal 
cated feed application). approved, the 

drug.regulation'providing for the man-. 
ufacture and use of.  the new animal 
drug-under the. conditions or indica- 

- tibns' of use for which the mill pro; 
poses manufacture. the medicated 
feed .' '- 

. section. 5licm)tfj.of the. act.outllnes 
the basic inf6rmation 'that'a feed miu 
must .submit to FDA to obtafn a n .  ag, 
proved  medicated  feed application for 
a specific medicated animal feed, and 
section 512(m)(3) lfsts the  bases on 
whdch the .agency c a n ,  refuke t o .  a p .  
prove..'  .the;':applic+tion. The ' agency 
shall: refus& to approve in application 
when it fin* Wong  other  facts, ' . : 

. ( A )  That  there is not in effect  a  regulation 
under subsection (i) (identified insuch ap- 
plication) on the  basis  of which'such appii- 
cation  may be approved; 

proposed  use  of any  new animal drug there- 
(B) That such animal feed  Cinciuding the 

in or thereon) does not conform toan appli- 
cable  regulation  published  pursuant to sub- 
section (1) referred to in the applicatlon, or 
that the purposes  and  conditions or indica; 

A tion5 of use: prescribed.  recommended. orr 
suggested i g ~  tQe labeling of such feed do not 
conform to. the applicable purposes and con- 
d i t i o ~  or  indi'catibq%  of use (includihg 
w i i d r y s )  publrsligd  pursuant to subsection 
( 0  or such labeling' omits or fails to conform 
to other  applicable Morntion published 

Section 512(mi of the' act also con- 
tains a provision for recordkeeping re- 
quirements'on the feed mills. and thh 
provision is identical to that applicable 
to. the.  manufacturers of  new . a n i m a l  

- drugs (sections 512(d)(2)(A);  512(1)). 
In  gdition to the normal rq rds  re- 
quired 'by good manufacturing prac-- 
tice,  etc., the manufacturers of medi- 
cated .animal feeds must  keep all re- 
'cords and make all such  reports .that 
the Commissioner  imposes on  them by 
general regulation when those records 
and  reports are neceeary  to determine 
or facilitate a determination of wheth- 
er t:he  medicated animal feed may be 
safely.  effectively.  or otherwise appro- 
priately used.  And these records and 
reports must be available to FDA for - 
inspection. 

... . 

. .. 

RurSUant . , .: SUbSeCtiOn (ik- 
L 

C. STATVTORY AUTHORITY WNDER  SECTION^ 
701(A)  OF THE ACT .- 

The agency's. authority  to promul- 
gate substantive regulations under sec- 
tion ,701ta)  defining apd explaining 

-the oper+tSve  pfovjsions of the  act  and 
. applying those protrisions to.particular 
classes  ofrl@rpducts,~,has been c o n s i s - '  

tently, if not uniformly, upheld by the 
courts, e.g.. National NutritionaZ 
Fooc2.t Association v. Weinberger, 512 
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. .  3ti37 - 
F. 2a.688~2a,,c~..i974j..(~ee atso ~ n i i e - : .  
Pennain:Basin. Rate..Cm+ 3F:U.S. 
766.(1968);.FedLraLPotoer Colirniission 
v. Texacoi €?tc.: 37'7 g.S. 33-(1964); 'Ail: 
Lines Pilots Associatien, In2;etnatiopxl- 
v.' Q~&ad& . 2 7 6  .F; 2d. 892 (2d' Cir. 
19601.) Moreoverj' FDA's authority to 
determine  whether  a new animal drug. 
hasi,,been slioyn .to be safe. ana. effk- 
tive'.under. the' restrictive. dihjbutlon 
system. of. a- veterinarian's order i s ,  well I ,  

establish@: (Diamond. IkboOnrtories, 
InC.*v. Richar&son;452 F. 2d. 803 (8th 
Cirr 1972)). as has its authority to.% 
stricLthe-use:of a new animal-drug tn 
only those conditions of use that, have 
been shown to .be. safe arid effec$ive . 
U'd-Teeli, I n c  t. Richadson, 482 E'.- 
2d 1148 (8th Cir. 1973)). 

' - Ii. '~lvcLus10~ - : ., . . .  

The-ageniy, regularly imposes alsk . 
bution requirements .on . new animal - 
drugs pursuant to Parts.520  through 
555 (21. CFR Parts 520 through 555). 
Given the evidence on the unrestricted 
W of penicillin and. tetracycline in 
animal feed, the Commissioner be- 
lieves there is ample  statutory  author- 
ity for him to promulgate regulations 
restricting all uses of penicillin and te- 

, tracycline in animal feed 'to the order 
of a veterinarian, which order must be . 
re tainedh the holder of an approved 
medicated feed application permitting 
manufacture of the feed or by other 
persons subsequently dispensiw -re- 
s t r icw feed obtained from the holder 
of the application 

vr. S0"ARY OF TRE PROPOSAL 

T& hi lement  this acuOn. the Com- 
missioner is proposing to amend the 
regulations to establish a new  medicat- 
ed animal feed 'category called restrict 
ed-medicated animal feeds, which will 
require an approved  medicated feed 
application for. manufacture  and for '- 
distribution on the order of a licensed 
veterinarian. This category will in- 
clude, with two  minor  exceptions. all 
feeds containing penicillin, chlortetra-, 
cycline. and odytetracycline. Adcord- 
ingly. he is proposing to revoke all ex- 
isting waivers from the requirements 
of section 51Zm) of the act for  the 
manufacture of such animal feeds. and 
the manufacture of these animal feeds 
will then require an approved medicat- 
ed feed application.  Because veterinar- 
iam3 may require a form of the drug 
for immediate.  dispensing (Le.. either 
directly by a veterinarian or by a feed 
mill on the order of a licensed veterin- 
arian) in their practices to deal with 
exigencies. the Commissioner i s .  pro- 

ments of section 512(m) for the manu- 
posing an exemption from the requife- 

facture of restricted feeds from 
a restricted, article containing 2 grams 
per wuhd of the antibiotics penicillin, 
chlortetracycline. or oxytetracycline 
as t h e  sole drug in medicated  feed in 
50-pound  packages.  He  selected this 
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ip I . - -~....-. 
s t . - - .  .:::-. . size foq i t s .  convenience for dispensing 
.. . ,: for use'by.  livestock Producexy. . .: 
-. , .. Proposed.." , 0 558.7ta) :>.:(21:..!- ,CFR, 

. 558.7(a)) defines aniiaal fee.& contain- 
. - .  ing penicillin or' -chlortet~y&jne 
... (except feeds for laboratory mice and 

psittacine birds) .or  oxytetracyclhe as 
restricted medicated animal feed$. The 
Comlplssioner has excluded the uses 
of. chlortetracycline in .fie^eds for labo;' 
ratory.mice.and psittacine biiids from 

-'the .restricted citegory because of. the'. 
lid$-& iind Special .mw Of t h w  
*:. .- . . 

Proposed. . i558.7(bXi),. establishes 
the  beic requirement for ' the- w u -  
facturers -of restricted medicated. 

-' animal feeds; .Under this provision, all 
feed . m i l l s  will require . i n  appkoved 
medicated feed application for each 
restricted' medicated. animal feed they - produce; TQis section also contains the 

.: exemption for the manufacture of a 
restrict&' I ..ma&&&:. .:.. . -. 'feed : 
under the ode r  of a  licensed  veterin-- 
arian. The exemption applies ' only 
when -such feed is piepared from a 
concentrated . restricted. ",medicated 

. animal feed which contains 2 g r a m f .  

per pound pf penicillin, chlortetracy- 
cline, or oxytetracycline as the sole 
drug in medicated feed-,in 50-poiind 
packages. This Permits the veterinar- 
ian to deal yith urgent situations by 
dispensing  a concentrated .mediwW 
feed directly to the livestock producer 
who will be able to mix a complete 
feed without  having an approved 
medicated fm application. The Com- 

. missioner will permit mufac tu ie rs  
60 days from the date of publication of 
a final order based  upon this approval 
to: submit a medicated.  'feed  applica- 
tion. . .  
- Proposed  5558.7(b)<2) requires the 
manufacturers of intermediate pre- 
mixes. (proposed -Type B . medicated 
feed articles) containing penicillin, 
:chlortetyracycline, or oxytetracycline 
to have  approved  medicated  feed a p  
plications for'  the manufacture of 
,these. products. Currently manufactur- 

. ers of these intermediate premixes are 
exempt.. under 9558.15(g) (21 CFR 
558.15(g)). from having. an approved 
NADA'.if the intermediate premix con- 
tains no drug ingredient whose -use in 
or on an aninial feea requires an a p  
proved  medicated feed application. 
Since the Commissioner is proposing 
to revoke this exemption  for the man- 
ufacture of medicated feeds containing- 
penicillin. chlortetracycline, or oxyte- 
tra-wcline. codifying this reqpirement 

. will simplify regulation of this area. 
Ostensibly.  revocation  of the'  exemp 

tion would also 'require manufacturers 
of intermediate premixes to have a p  
proved  new. animal drug applications 

-. missioner- i n t e n d s .  tw.issue a ' pfolii(sal., 
for  their prqducts. However, the Corn-,, 

c. ' i n  the : n e a r  fu+ .to regtilate the in- 
'-termediate premixes as Type B. me&- 
cated feed- articles under sections 

- ,  

. .  

. .  

.~ 
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'201tx) and 512(mj of the act (21 0.s.c. 
321(x) axid.. QGOI+n)).. for .administra- 
tive.. a.id,. re@Wtory .  efficiency.  ..,For 
.thee.. reasons, the . Commissioner ' is 
now proposing : to.regula@  interqedi- 
ate for  the 'restricted mdi-  
.cat+'a&iirl  feeds also under-section 
512(.m)  of the .act for :consistency. This. 
will permit. tin .orderly transition t o s  

more iz&msiye regulation v h  medidat-. 
ed feed applicirtions. Tpe Commissfon- 

I' er will-permit manufactureri of the re-' 
, stricted feeds.60 days from-the datd of - 

publication of the final order in .this 
procedure to submit a mediccited feed 
application for these medicated. feed' 

L articles. If these provisioni %e -placed 
into ,effect prior t o .  comdletion of the. 

. adjudication concerning  penicillih  and' 
tetracycline Premixes. ,manufacturers 
of intermeidate premixes. (or. Type B 
medicated feed articles) may 'identify 
the approRriate provision of 9 558.15 a s ,  

the basis for ariprovfng their medicab 
ed fe@ application for. thos.e. uses 
which have been p6imitted interhh 
marketing  and for which a regulation 
under section 512W  of the act has nQt. 
been published. 

Proposed 8 558.7t'c)(l) requires re- 
stricted medicated animal feeds to be 
.Pispewed only if accompanied by and 
m accordarice .with the order of a li- 
censed veterinarian. Although restrict- 
ed  medicated Wal feeds containing 

cline, or oxytetracycline. as the sole 
drug in 50-pound  packages may sold 
to licewed veterinarians for &pens- ~ 

ing pu.~$oses in their practices, the 
feed mills must  retain  -records ,for 
these transactions also. 

Proposed ' 8 558.7<c)(2) describes the 
recordlreeping  requirements.. The vet-. 
erinarian's order must be either a 
.signed, written order or an oral order 
given' directly. to  the party 'who is to 
dispense the restricted medicated 
animal feed and  such  ,order  must be 
promptly reduced to writing. The 
order shall include the followhg infor- 
mation: 

1. Veterinarian's name, addre& and 
telephone number; 

3.-Tgpe of feed te.g., starter, grower,' 
finishing-ration). including the quanti- 

' tative level of the ' drugw ' involved - 
te.g. grams per ton). 

4. Species to be treated, an'd indica- 
tions for use; 

5. Total amount of feed to be mixed 
and  number of refills permitted. The 
amount of feed prescribed shall not 
exceed the amount. reasonably  neces- 
sary to  treat the number of animals 
involved; and 

The records' must be retained at.  the 
a o f n C .  of +le by the dispensing party 
.. for a Wriod'not: 1%: than, 2 y e w  be-' 

cause the ?$.Fency hd$..statu,$t$y..obli- 
gation tb in~pect-.evei+ fe& at 
least once  every 2 yeais. TNs requir& 

2 grams of - penicillin, ' chlortetracy- 

.. 

-- 2. Client's name  and address: . 

6. Date. 

ment also applicable to &tekted 
livestock producers . ' who have ' ap; 
proiied  'medicated feed applications for 
restdcted medicated animal f d ' h d  
-who  m'anufwture  such feik&for their 

use* ; - ~ , ' <; . - '-A. 

Proposed. 9 558.7cd) . explains how 

.. 

FDA will regulate feed stores or  other 
distributors of medicated animal feeds 
that - mag be restricted.' l'5e.w seg- 
ments ' of .' t h e  .medicated animal feed 
indktry .are '*entially' consignees- 
who are hot the users of the articles; 
Under  section  512Ca)fl) of the act; con; 
signors may SUP new a d m @  drugs to 
such consiaiees if they- are holders of.. 
-approved medicated. feed app3cations 

such consignees that willship only to 
or, i f .  the consignees are not users, . t o  

holders of approved  medicated feed 
app!ications. Because the mechanism 
of -dktribution by the. feed stores'is' 
merery  a further s t e ~  in the chain, the 
Commissioner .is .proposing to pe-t 
holders of. approved @pplications for 
restricted medicated animal feeds to 
dispense th& feeds to feed stores an,d 
other distributors on .the ,condition 
that those consignees supply the feed 
mill with a signed statement indicat- 
ing that they will dispense restricted 
medicated animal feeds on and  in ac- 
cordance with .the order of a licensed 
veterinarian, that  they will . m a i n t a i n  

the required records of such dkpens- 
ing for at least 2 yeais, and that  they 
will permit inspection of the records a t  
all reckonable hours by any duly .au-- 
thorized officer or employee of FDA 

the Secretary of HEW. T h i s .  will 
or  other employee acting on behalf of 

permit a distributor,. who d& not 
have approvecl-medicated feed applica- 

to receive restricted medicated animal 
tions under section 512tm) of the act, 

feeds and to dispense them  in accord 
with the rationale for  the regulation. 
Failure of holders of approved  applica- 
tions to Comply with these require- 
ments will result in the Commission- 
er's proposing to 'withdraw approval of 
the feed mill's medicated feed applica- 
tion  for  the restricted feed and  to take. 
any  other appropriate legal action. . -  that is warranted. 

Proposed 9 558.7te) sets  forth specif- 
. ic label and labeling requirements for 
(1) articles that are to be manufac- 
tured into restricted medicated animal 
feeds and (2) restricted medicated 
animal feeds, in .  addition to all the 
other labeling requirements of the act. 
Articles that are  to be further manu- 
factured into restricted feed must bear 
the statement: "For use only in the 
manufacture of .restricted medicated 
animal feeds to be y e d  on the order 
of a  licensed veterinarian". 

For complete restricted medicated 
animal feeds,- the label and labeling 
shall bear the  statement "For use only 
on the order of . a  liceqsed veterinar-. 

. ~ropaseit:' 0558.71e~3) requir&'tht. 
all restricted. medicated.,animal feeds 

i ~ ~ . ~ . ~ ~ ~ . ~ , ~ ~ ~ ~ ~ ~ ~ ~ ~ , ~ ~  ' . ,;.' , . -  .$&-<+-vi. - i-'.'r" 1 -,2+ '- 
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ished feeds . containing chlortetracy- 
cline and conforming to the require- 
ments of paragraph (ex11 and  (2) of 
tNs section and finished. feeds manu- 
.factured'from &@ated feed articles 
containing 3 grams per Pouqd chlorte- .~ 

tradycline as the  sole drug in 50-liound.: 
packages are not resuired to comply 
with the provisions of section 512(m) 

ate feeds. 
(2) Tee& containing decoquinate in 

combination with chlortetracycline 
are restricted medicated animal feeds 
and their distribution must be in 8c- 
cor*? with 0 558.7. '- 

- . ... . -  *: c -. ;&$%;-i- ,: 
- .  

14, B y  amending 8 558.225 by revis- 
ing paragraph tc) to read as follows 
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- .  .. .- 
:. mycb B tis a kle.idrug, p F & d  from 

. feed supplemenk$vvntaining  not  more 
than 32 grsqnS-ber ton. hygromycln €3. 

. . .and coda- to the reqeements of 
 paragraph (e)  of.this section zife not 

- - , required to comply with the provisions 
of section  512(m) of the Federal Food. 

: t2) Feeds containin&hygromy&n I3 
* .  . i n  combination with chlort&racycline , 

..: . - or are restiicted medicated- 
: animal feeds and their distribution .. 

.- must be in accordance with 8 558.7, 

Drug, .and  Cosmetic A&. . . 

0 .  . * .  
.. . . 

. .16:.By. h e n &  4 558.355 by a d d i n g :  . 
new pakagraph - (dI(5) to-. read a s  fol- 

- lows 

5.558.365 Blownsin. 

. .  

?. .. :- * ' .  . . U * .  , .  

- . id) * -  * - -  , . -  

. . (51.. Feeds 'containing monensg in 
- embinstion with oxytetracycline are 

.. restricted medicated animal feeds ind' 
+;- ' their distribution. must be in  accor- . 

z - dance with g558.7. 
. .  

- ' *  , *  * .  

I 17; By amending- 9 558.365 by reviskg 
-. paragraph ( e )  to read as follows: 

$558.365 Nequinatei 

(d)- Sp&d consideratiom. . (1) Fin- 
ished feeds manufactwee  from medi- ' 
cated feed ahicles  that.  contain- 2 
grams per poimd  penicillin as 'the sole 
drug in 5 0 - p o ~ d  pack$Ees are. not re; 
Wired to comply- kith the Rrovisions 
of section 512(m)  of. the Federal *Food; 
Drug, and Cosmetic  Act; . .;. 

(2) Feeds containing penicillin an? 
restrict.&i mediixted animal feeds and 
their. distribution must  be @I accor- - 
dance with $ 558.7. .. . - 

.* . . . .  

20. -BY amending $ 558.515.  by  revis- 
ing paragraph (d) to read. as follows: 
3 558.515 Robenidine  hjdmehloride. . ' 

. . .  

0 .  0 .  

(d) Special considerations (1) Fin- 
ished feed containing robenidine hy- 
drochloride must be fed within 50 days 
f r o m .  the date of manufacture; 

(2) Do not use in feeds containing 
bentonite. 
- (3) Feeds containing robenidine hy- 
drochloride in combination with either 
chlortetracycline or oxytetracycline 
are r&tricted medicated animal feeds 
and their distribution must be in ac- 
cordance with 8 558.7. 

* 

of 9 am. and i p.m.. Monday through 
Friday. 

Because of ,the broad  public interest 
in and concern about the proposed re- 
striction-on  the distribution of penicil- 
lin and 't&acyclinecontahhg aniinal 
feeds, the Commissioner- has deter-: 
mined  that, in addition to the 90 day 
comment period for receipt of written 
comments. two informal  public hear- 
ings. ip accord with the provisions of 
21 CFR 15, should be held on the 
proposal in geographic areas where it 
will have its major, impact. The pur- 
pose of the;-info& hearings is to 
provide an open  forum  for the-presen- 
tation of information and views con- 
cerning all aspeck, of the proposal by 
interested persons, be they consumers, 
scientists. farmers, feed manufactur- 
ers, or representatives of manufactur- 
ers of regulated products. 

In preparing a final regulation, the 
Commissioner will consider the admin- 
istritive record of these hearings 
along wiw all other written coinfnents 
received during the comment period 
specified in the propoSal. The hearings 
will be held during .the comment 
period, and the C o d i o n e r  will. 

issue separate FEDERAL REGI- no- 
tices announcing  them when the  final 
arrangements  for their conduct are 
completed. The hearings will be  open 
to  the public.  Any interested person 
who files a written notice of participa- 
tion lnay be heard with. respect to mat- 
ters relevant to  the issues under con- 
sideration. 

tion -has determined: that this document 
Nm-The Food and Drug AdmWstra- 

does not contain P mafor proposal muiring ,, 
ment  under  Executive  Order 11821 (as 
amended .by Executive  Order 11949)- and . 
OMB Circular A-107. A copy of the econom- 
ic impact  assessment is on file with the 

pre+don of 'a. ecanomlc : i m p a c t  &ate- 
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dendroid - tree-like  branching. 
desorb - to  remove an adsorbate  from  an  adsorbent. 
dextrorotary - turning  to  the  right  in  a  plane  of  polarized  light. 
diatomaceous  earth - an  abrasive  earth  composed  of  the  sedimented 

silica  shells  (frustules)  of  microscopic  algae  (diatoms). 
DNA/DNA homology - degree  of  similarity  of DNA strands  from 

different  sources,  based on comparing  proportions  of  similar 
gene  sequences. 

in  order  to  perpetuate  the  genetic  substance,  permits  cells 
to  divide  and  reproduce. 

ecosystem - a  system  made  up  of  a  community  of  interacting  animals, 
plants  and  bacteria  and  its  interrelated  physical  and  chemical 
environment. 

effluent - a  stream  flowing  out;  specifically  the  discharge,  either 
atmospheric  or  liquid,  of  wastes  from  manufacturing  plants  or 
waste  treatment  facilities. 

decanting  liquid  off an  adsorbent  or  solids  such  as  columns 
of soil,  ion-exchange  resins, etc.,  used for  purifications  or 
separations. 

rod-shaped  bacteria  with  certain  similar  metabolic  characteristics. 

DNA synthesis - production  of  deoxyribonucleic  acid  from  a  template 

eluates - a  chemical  term  referring  to  effluents  or  washes  from 

Enterobacteriaceae - a  large  group  of  Gram-negative  intestinal 
enteropathogenic - producing  intestinal  disease. 
enterotoxin - chemical  secreted  by  bacteria  and  acting on intestine 

to  produce  diarrhea. 
epimer - two  similar  sugar-like  compounds,  differing  only  in  arrange- 

ment  of  the  hydroxyl  group (OH) around  an  axis  of  carbon. 
epithelium - the  covering of internal  and  external  surfaces  of  the 

plant  or  animal  body, 
epizootic - disease  outbreak  among  animal  populations, 
experimental  controls - untreated  animals,  soil  plots,  etc.  being 
extrachromosomal - outside  of  the  bacterial  chromosome, 
fermentation - a breakdown  of  complex  molecules in organic  com- 

pounds,  such  as  that  by  yeast  converting  sugar  to  alcohol. 
genetic  determinant - a  gene,  a  functional  and  structural  unit 

of DNA. 
germ  tube - a  filamentous  tube  growing  out  from  a  fungal  spore. 
Gram  stain - bacteria  are  classified  as  Gram-positive  if  they 

compared  with a treated  group. 

stain  purple  with  this  iodine  stain,  and  Gram-negative  if 
they  decolorize, 

one  half  of  a  substance  to  decompose  or  become  inactive; 
(2) metabolic  half-life,  the  time  required  for  one  half  of 
a  compound  to  bemetabolized. 

elements:  fluorine,  chlorine,  bromine,  astatine,  and  iodine. 

half-life - ( 1 )  environmental  half-life,  the  time  required  for 

halogen - any  of  the  five  very  active,  non-metallic  chemical 
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hematology - a  branch of medical  science  that  deals  with  the 

herbivorous - feeding on plants. 
heterocyclic  ring - multiple  ringed  compounds. 
heteroduplex - electron  microscope  technique  for  measuring 
histopathology - the  science  dealing  with  the  histological 
hydrolysis - degradative  chemical  reaction  in  which  water  is 
hygroscopic - absorbing  moisture  readily. 
hypocotyl - in  the  embryo of a  seed  plant,  the  part  below  the 

cotyledons  or  primary  leaves  of  the  seed  plant. 
hypoplasia - abnormal  deficiency of cells,  underdeveloped 

condition. 
illite - a 2 : l  layer  silicate  mineral,  a  somewhat  variable 

form  of  muscovite  (white  mica)  occurring  as  small 
particles  (clay  size)  which  is  weathered  into  mont- 
morillonite  and  kaolinite  clays. 

immunogenesis - the  process  of  producing  those  body  cells 
which  comprise  the  immune  system  and  defend  the  body 
against  foreign  substances. 

cell,  basis  of  classifying  plasmids. 

after  being  stimulated  by  a  special  chemical. 

blood  and  blood-forming  organs. 

similarity  between DNA molecules. 

structure  of  abnormal  and  diseased  tissue. 

released. I 

incompatibility - two  plasmids  which  cannot  coexist  in  same 
inducible  enzyme - an enzyme  produced  by  cellular DNA only 

intracellular - within  a  cell. 
isomer - two  compounds of same  atoms  but  differing  in 
kaolinite - the  simplest  layered ( 1 : l )  silicate  clay  mineral, 

structural  arrangement. 

a  non-expanding  lattice  of  hydrated  aluminum  and  silicate 
with  low  cation-exchange  capacity. 

lactone - ring  connected  by  oxygen - usually in carbohydrates. 
lagoon - a  shallow  pond,  usually  anaerobic,  used  in 
larva - immature  wingless  feeding  stage  of  an  insect  that 

leach - to  percolate  through  soil,  removing  soluble  constitutents. 
lipophilic - attracted  to  lipid  or  fatty  compounds. 
macrocyclic - giant  chemical  ring. 
malabsorption - faulty  absorption of nutritive  material'from 

minimal  inhibitory  concentration (MIC) - lowest  concentration 
montmorillonite - a  group  of  clay  minerals  with an  expanding  capacity. 

decomposition  of  animal  manure. 

undergoes  metamorphosis;  the  stage  following  hatching. 

intestine. 

of a  chemical  which  inhibits  growth  of  microorganisms. 

aluminum  and  silicate  lattice  and  high  cation-exchange. 
Soils  containing  this  clay  expand  and  contract  consider- 
ably  when  water  is  added  or  removed. 
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mucopeptide - murein - backbone  of  bacterial  or  blue-green 
algal  cell  wall  made  of  carbohydrate  and  proteins. 

mycelia - mass  of  interwoven  branches  from  a  growing  fungal 
form. 

mycetone - an  organ  in  insects,  containing  intracellular 
fungi . 

mycoplasma - a  bacteria  permanently  lacking  a  cell-wall, 
causing  such  diseases  as  primary  atypical  pneumonia. 

necropsy - autopsy. 
nephrotoxic - toxic  to  the  kidney. 
nitrogen  fixation - the  conversion  of  atmospheric  nitrogen 

into  nitrogen-containing  proteins  or  nitrate  by  soil 
bacteria. 

nosocomial - originating  in  a  hospital  as  nosocomial  disease. 
offal - the  waste  parts  of a butchered  animal,  inedible  by 

humans  but  sometimes  processed  and  fed  to  domestic 
animals. 

omnivora - animals  eating  both  plants  and  animals. 
opportunistic  pathogen - bacteria  producing  disease  in  the 

host  when  the host's disease  resistance  is  weakened. 
oxidizing - combining  a  compound  with  oxygen. 
partition  coefficient - a figure  showing  the  distribution 

of  a  compound  between  lipid  (fatty)  and  water  phases 
which  has  been  found  to  be  indicative  of  the  compound's 
potential  to  be  bioaccumulated  in  plants  and  animals. 

pathogen - disease-producing  organism. 
phage  type - classification  of  bacteria on basis  of  certain 

bacteriophages  (viruses)  which  adhere  to  bacteria  or 
lyse  (kill)  them. 

phosphotransferase - enzyme  transferring  a  phosphate  group; 
e.g. thereby  changing  neomycin or streptomycin  con- 
figuration so it  cannot  affect  bacterial  ribosome. 
The  bacteria  thus  becomes  resistant  to  the  drug. 

photoallergic - characterized  by  allergic  sensitivity  to  light. 
photoreceptor - specialized  organelle  present  in  some  algae 
phototoxic - a  deleterious  effect  produced  by  exposure  to  light. 
phytopathogens - organisms  causing  plant  disease. 
phytotoxicity - plant  toxicity. 
pistil - the  pollen-recei.ving  and  seed  bearing  organ  of a flower. 
plasmid - a  small  extrachromosomal  circle  of DNA found  in  bac- 

plastid - a  variety  of  di.fferentiated  pigmented  bodies  embedded 

and  protozoans  which  receives.  light. 

terial  cytoplasm. 

in  the  cell  cytoplasm  that  are  functionally  specialized 
and  highly  important  to  the  cell  economy. In the  cells 
of  leaves  and  other  green  parts,  the  chloroplast  is  the 
dominant  type of  pla.stid. 

peating  small  subunits. 
polymer - a  high  molecular  weight  compound  made  up of re- 
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polypeptide - assemblage of  amino  acids  into  a  macromolecule. 
prokaryote - a primitive  life  form  which  lacks  a  true  cellular 

nucleus,  in  contrast  to  a  eukaryote;  bacteria  and  blue- 
green  algae  are  prokaryotes. 

the  spread  of  disease. 

hold  shape  in  isotonic  or  hypertonic  solution  (saline 
concentration  is  same  or  greater). 

pupa - an  insect  in  the  nonfeeding  phase  between  larva  and 
adult . 

radiotracer - chemical  incorporating  radioisotope;  used  for 
metabolic or degradation  studies  by  counting  radio- 
activity. 

ribosome - spherical  particles  of  protein  and RNA, involved 
in  protein  synthesis,  divided  into  different  sizes  on 
basis  of  density  (sedimentation)  and  molecular  weight, 
i.e. 505, 70s. 

prophylaxis - measures  desired  to  preserve  health  and  prevent 
protoplast - bacteria  lacking  its  rigid  cell  wall  but  able  to 

rickettsia - bacteria-like  microorganisms  parasitic  on 
R-plasmid - a  plasmid  carrying  antibacterial  drug  resistance 

rumen - the  first  stomach  of  a  cud-chewing  ruminant. 
saprophyte - an  organism  living  on  dead  or  decaying  organic 

matter; e.g.,  fungi. 
selection  pressure - an  adverse  condition,  such  as  presence 

of a lethal  drug,  that  allows  the  survival  of  only  those 
organisms  best  able  to  grow, i.e. those  which  have 
mutations  enabling  them  to  resist  the  drug. 

serotype - differentiation  into  types  of  a  species  based  upon 
different  immune  reactions  given  by  blood  serum. 

shedding - excretion;  fecal  elimination. 
sludge - sediment  deposited  during  treatment of sewage. 
smooth  variants - a  variety  of  a  bacteria  lacking  certain  surface 
stigma - the  part  of  a  plant  pistil  which  receives  pollen. 
subtherapeutic - less  than  the  amount  usually  used  to  treat 

disease  in  veterinary  medicine;  arbitrarily  set  at 200 
g/ton  of  feed  for  chickens  or  swine. 

superinfection - a  bacterial  species  which  overcomes  or  over- 
grows  the  normal  body  flora  to  such  an  extent  as to. 
cause  disease. 

organisms. 

offspring, ofteadue to  exposure  to  a  chemical  or  disease 
agent. 

arthropods  and  pathogenic  for  animals  and  man. 

genes. 

antigens  or  chemicals. 

symbiotic - a  mutually  beneficial  relationship  between  two 

teratogenesis - the  production  of  malformations  in  the  unborn 

thermolabile - unstable  upon  heating. 
transduction - process  where a bacterial  virus  transports DNA 

from one  bacteria  to  another. 
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translocation - to  move  upward  within  a  plant. 
vascularity - amount  of  blood  vessels  and  capillaries;  blood 
vacuole - a  relatively  clear,  fluid-filled  cavity  within  the supply 

plasma  membrane  of a cell,  believed t o  have  the  function 
of  discharging  excec  water  or  wastes. 

vermiculite - a  layer  silicate  clay ( 2 : l )  with  high  magnesium 
content  in  addition  to  aluminum  and  silica,  with an ex- 
panding  lattice  and  high  cation-exchange  capacity. It 
can  be  greatly  expanded by  rapid  heating (250-3OO'C) to 
almost 30 times  its  original  volume. 
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